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THE  EDITOR’S  VIEWPOINT 


Phiyney  and  Tucker  (p.  279)  give  the  pur- 
|K)9e  and  niecliani»<ni  of  the  Evanston  Dental 
Caries  Study.  This  interesting  study  is  be¬ 
ing  carried  out  in  Evanston  and  Skokie, 
Illinois,  and  being  controlled  by  studies  in 
Oak  Park,  Illinois,  in  order  to  evaluate  the 
use  of  fluorine  in  the  water  supplies  as  a 
method  of  dental  caries  control.  The  out¬ 
line  of  the  study,  which  is  projected  over 
fifteen  years  of  time,  is  quite  complete  and 
sliould  serve  as  an  excellent  example  to 
others  who  may  be  planning  tests  of  sodium 
fluoride  added  to  the  water  supplies  of  urban 
communities.  The  children  will  be  examined 
at  regular  intervals,  the  water  supply  is 
carefully  controlled,  and  an  estimation  has 
l)een  made  of  the  cost  of  the  use  of  sodium 
fluoride.  For  the  first  year,  the  cost  of  sodi¬ 
um  fluoride  was  10.7  cents  per  capita.  It  is 
hoped  that  the  data  from  this  study  will  be 
available  from  time  to  time  so  that  any  early 
effects  may  be  evaluated  by  other  workers. 

McClure  (p.  287)  has  reviewed  the  litera¬ 
ture  on  the  fluorine  content  of  dentin  and 
enamel  of  sound  and  carious  human  teeth. 
The  review  of  the  literature  indicated,  as  a 
general  rule,  the  data  are  in.sufficient  to  de¬ 
fine  the  relationship  between  fluorine  content 
and  mottled  enamel  of  individual  teeth. 
Studies  on  teeth  from  thirty-three  individu¬ 
als,  studied  separately,  and  two  groups  of 
fourteen  and  forty-four  individuals,  give 
interesting  re.sults  on  fluorine  content  of 
the  enamel  and  dentin.  The  differences 
between  the  fluoride  of  enamel  and  dentin 
from  sound  and  carious  teeth  was  significant. 
These  data  do  n(tt  substantiate  the  theory 
that  there  is  more  fluorine  in  caries-resistant 
teeth  than  in  caries-susceptible  teeth,  but 
there  is  not  enough  evidence  to  say  whether 
or  not  an  optimum  quantity  of  fluorine  in  the 
dentin  and  enamel  of  the  entire  dentition  is 
associated  with  the  reduced  incidence  of 
dental  caries.  Further  data  are  nee<led  for 
demonstration  of  this  |M)ssibility  and  such 
an  investigation  is  promised  by  the  author. 

Hadjimarkos  and  Storvick  (p.  299)  re¬ 
port  the  incidence  of  dental  caries  among 
Freshman  students  at  Oregon  State  College. 


Dental  examinations  were  made  on  582  stu¬ 
dents.  Their  caries  histories  were  compared 
with  those  of  subjects  of  the  same  age  exam¬ 
ined  in  other  geographic  areas.  The  Oregon 
State  students  were  studied  by  visual  and 
explorer  examination  and  posterior  bite-wing 
radiographs.  The  dental  caries  experience 
among  the  Oregon  State  students  seems  high 
in  comparison  with  that  in  other  geographic 
areas  of  the  country;  the  female  students 
had  a  higher  D.M.F.  rate  and  the  teeth  of 
the  female  students  had  receivetl  greater  care. 
This  study  is  an  interesting  and  careful  study 
of  limited  data  and  suggests  the  possibility 
for  careful  accumulation  of  data  by  clin¬ 
icians  for  analysis  of  the  caries  stituation. 
Isolateil  studies  may  appear  to  have  little 
validity  but  when  grouped  together  begin  to 
create  a  pattern  which  may  suggest  some  of 
the  factors  associated  with  caries  resistance. 

Dreizen  and  Spies  (p.  .105)  have  made 
further  studies  of  the  association  between 
products  of  protein  putrefaction  and  dental 
caries.  They  found  that  dilute  solutions  of 
skatole,  phenol,  cresol,  and  a  salt  of  putres- 
ciiie  partially  or  completely  inhibited  acid 
production  in  vitro  in  saliva  samples.  The 
action  of  these  compounds  appeared  to  be 
additive,  and  they  were  most  effective  as 
inhibitors  of  acid  production  in  saliva  when 
used  in  combinations.  Pure  cultures  of 
LactobaviUus  aculophUus  were  inhibited  by 
the  u.se  of  these  compounds.  The  study 
supports  the  hypothesis  that  the  products  of 
protein  putrefaction  may  prevent  the  growth 
of  acidogenic  organisms  a!»sociated  with  den¬ 
tal  caries.  The  authors  offer  this  as  a  par¬ 
tial  explanation  of  the  lower  incidence  of 
dental  caries  associated  with  pellagrins  and 
individuals  with  chronic  nutritional  deficiency 
diseases.  The  relationship  of  putrefaction 
and  dental  caries  activity  is  an  interesting 
phase  of  the  caries  problem  and  probably 
justifies  investigations  being  carried  out  from 
different  viewpoints. 

Kitchiii  and  Permar  (p.  .116)  report  the 
results  of  a  three-year  .study  of  the  effective¬ 
ness  of  carbohydrate  restriction  in  reducing 
LactobacilluK  andophilm  counts.  Careful 
analysis  of  s|)e<Mmena  from  5.59  individuals 
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whose  saliva  specimens  were  subjected  to 
L.  (uHdophilus  counts  showed  137  individuals 
who  were  caries  inactive  and  422  who  were 
caries  active  by  this  test.  The  studies  indi^ 
cate  that  the  L.  acidophilus  count  in  th^ 
saliva  may  be  lowered  by  restricting  tha 
sugar  intake  and  the  results  compare  favor¬ 
ably  with  those  presented  by  the  Michigan 
group.  There  is  need  for  recording  the  re¬ 
sults  of  treatments  such  as  this  so  that  their 
effectiveness  may  be  evaluated  against  other 
technics.  The  results  in  this  study  should  be 
compared  with  those  reported  by  Becks  (p4 
405  as  part  of  the  Michigan  Proceedings 
Conference  in  this  issue  of  the  Journal. 

Brudevold  (p.  320)  has  applied  the  Hoff-* 
man’s  modification  of  the  Fisk  and  Subbarow 
method  for  phosphate  analysis  to  a  studjf 
of  the  phosphate  solubility  of  human  enamel 
surface.s.  Variations  in  phosphate  solubility 
were  found  from  area  to  area  of  the  same 
tooth  and  between  various  areas  on  different 
teeth.  Deciduous  and  unerupted  permanent 
teeth  were  more  soluble  than  intact  enamel 
surfaces.  This  method  might  well  be  applied 
to  studies  of  the  effect  of  fluorides  and  other 
compounds  on  the  solubility  of  teeth  rather 
than  using  studies  based  on  powdered  enamel 
which  are  not  as  comparable  to  the  in  vivo 
condition. 

Mitchell  (p.  330)  describes  the  normal  and 
diseased  periodontium  of  the  hamster.  This 
useful  laboratory  animal  which  has  become 
so  popular  in  dental  caries  studies  appears 
to  offer  a  useful  laboratory  tool  for  study 
of  periodontal  disease.  A  form  of  perio¬ 
dontal  disease  appeared  among  stock  ani¬ 
mals  and  was  produced  in  normal  young  an¬ 
imals  by  interfering  with  normal  conditions. 
The  hamster  is  recommended  by  Mitchell  as 
a  tool  for  studying  periodontal  lesions  in  the 
lal)oratory. 

Annis  (p.  336)  presents  a  theory  on  the 
conduction  of  pain  from  the  surface  of  the 


tooth  to  the  central  nervous  system.  His  the¬ 
ory,  which  he  terms  the  electrochemical 
theory,  proposes  that  pain  is  conducted  as 
electrochemical  impulses  from  conditione<l 
enamel  and  dentin  to  the  pulp.  The  author 
suggests  that  his  theory  explains  many  clin¬ 
ical  observations  that  have  not  been  ex¬ 
plained  by  earlier  theories.  A  series  of  brief 
experiments  are  outlined  that  seem  to  confirm 
some  of  the  author’s  ideas.  The  work  was 
carried  on  by  an  investigator  who  is  not 
associated  with  any  university  center  or  any 
other  institution  where  laboratory  facilities 
are  readily  available  and  demonstrates  the 
possibility  of  investigations  being  carried  out 
on  an  individnal  basis  if  one  has  the  will  to 
carry  on  such  work. 

The  proceedings  of  the  Michigan  Dental 
Caries  Conference  are  concluded  in  this  issue. 
We  believe  that  this  brings  together  a  mass 
of  data  and  opinion  which  should  be  of  value 
to  all  students  of  dental  caries  and  which 
should  clarify  many  doubts  which  have  been 
present  in  the  minds  of  dentists  and  teachers 
concerning  the  thoughts  of  the  investigators 
in  this  particular  field.  We  have  departed 
from  custom  in  reprinting  the  reports  of  the 
Evaluating  Committees  which  have  previously 
been  published  in  the  Journal  of  the  Ameri¬ 
can  Dental  Association.  The  Journal  of  the 
American  Dental  Association  kindly  granted 
permission  to  do  this  and  it  was  carried  out 
because  it  was  felt  that  this  was  necessary 
to  complete  the  studies  in  one  journal.  The 
entire  proceedings  were  printed  without  re¬ 
duction  in  the  normal  pages  of  each  issue  and 
this  volume  will  be  longer  by  the  number  of 
pages  included  in  the  proceedings.  It  is  still 
our  hope  that  our  publisher  and  the  Univer¬ 
sity  of  Michigan  may  get  together  to  make 
this  material  available  in  a  single  bound 
volume  so  that  students  and  others  may  re¬ 
ceive  the  advantages  of  this  very  worth¬ 
while  discussion. 


H.  B.  O.  R. 


THE  EVANSTON  DENTAL  CARIES  STUDY 

II.  Purpose  and  Mechanism  of  the  Study 

J,  K.  BLAYNEY,  D.D.S.,  AND  WINSTON  H.  TUCKER,  M.D. 

Walter  G.  ZoUer  Memorial  Dental  Clinic,  University  of  Chicago,  Chicago,  III.,  and 
Department  of  Ilealth,  Evanston,  III. 

DURINO  the  past  few  years,  public  health  workers  have  become  interested 
in  the  problem  of  oral  disease.  It  is  now  generally  recognized  that  tooth 
decay  cannot  be  controlled  by  individual  treatment.  Ways  and  means  must  be 
developed  for  the  control  of  tooth  decay  so  that  entire  communities  will  benefit. 

Reeognizing  this  need  for  mass  control  of  tooth  decay,  the  Commissioner  of 
Ilealth  of  Evanston,  Illinois,  called  a  meeting  of  the  dental  and  medical  so¬ 
cieties  in  his  community.  An  advisory  committee  was  appointed  to  confer 
with  him  about  the  problem  of  community  oral  health.  Because  of  the  interest 
shown  by  the  advisory  committee  in  the  i)ossible  relationship  of  fluorine  to  the 
prevalence  of  dental  earies.  Dr.  H.  T.  Dean,  Director,  Dental  Division,  United 
States  Public  Health  Service,  was  invited  to  address  a  joint  meeting  of  the  lo¬ 
cal  physicians  and  dentists  on  Dec.  11, 1944. 

After  further  deliberation  of  the  project,  both  professional  groups  recom¬ 
mended  to  the  Commissioner  of  Health  that  a  carefully  controlled  study  be 
developed  to  determine  whether  or  not  the  addition  of  fluorine  in  minute  quanti¬ 
ties  to  the  communal  water  supply  would  reduce  the  incidence  of  dental  caries  in 
Evanston  and  Skokie  children.  The  advisory  committee  and  Commissioner  of 
Health  then  discussed  the  problem  with  members  of  the  Walter  G.  Zoller  !Memo- 
rial  Dental  Clinic.  Because  the  success  of  such  a  program  depends  u|)on  the  en¬ 
thusiastic  support  of  many  different  groups,  a  meeting  was  held  with  repre¬ 
sentatives  of  each.  It  was  carefully  explained  to  these  Evanston  citizens  that 
nothing  could  be  jiromised  regarding  the  ultimate  value  in  the  control  of  tooth 
decay ;  that  if  sueh  a  program  was  to  be  undertaken  it  must  be  in  the  nature  of 
an  exhaustive  study;  and  that  it  would  be  several  years  before  data  would  be 
available  which  would  even  indicate  the  trend  which  we  might  expect. 

As  a  result  of  this  meeting,  the  Evanston  City  (^ouncil  on  Nov.  5,  1945, 
passed  a  resolution  authorizing  the  study  and  the  puifhase  of  the  e(|uipment 
for  the  addition  of  sodium  fluoride  to  the  city  water.  Because  the  Village  of 
Skokie  purchases  its  water  supply  from  Evanston,  a  similar  resolution  was 
passed  by  the  officials  of  that  community  on  May  7,  1946.  The  Director  of  the 
Illinois  State  Department  of  Health  gave  his  approval;  the  public  and  paiwhial 
school  officials  ])ledged  their  wholehearted  su])port;  and  the  medical  and  dental 
professions  endorsed  the  i)rojeet.  With  this  magnifleant  c<M)peration.  the  follow¬ 
ing  ju’ogram  was  finally  evolved. 

Recelvetl  for  publication  March  4,  1948. 
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PROi’.RAM 

The  met  hod  hy  whieli  sodium  fluoride  aets  to  reduee  the  iueideuee  of 
dental  earies  is  not  definitely  known.  Therefore,  it  was  eonsidered  advisable 
to  j)lan  the  study  in  a  manner  so  as  to  })rovide  as  mueh  information  as  jwssihle. 

It  was  our  opinion  that  the  sehool  ehildren  in  the  6-,  7-,  8-,  and  12-,  13-,  14-year 
afre  ‘rr<iui>s  will  jirovide  the  best  opportunity  to  assess  the  earies  experience 
in  the  ileeiduous  dentition  and  to  study  the  initial  earies  attaek  rates  of  the 
permanent  teeth.  Furthermore,  ehoosin«r  these  ajre  "roui)s  will  ])rovide  the 
oiiportunity  of  apju-aisinfr  the  rate  at  which  caries  jirofiresses  in  the  various 
ajre  levels  durin*;  different  time  intervals  followin*;  the  introduction  of  fluoride 
into  the  water  sui)i>ly.  In  addition,  we  shall  have  the  opiwrtunity  to  comiiare 
our  flndiufrs  with  those  of  several  other  studies  in  whieh  similar  ajre  ffioups 
were  employed. 

It  also  seemed  advisable  to  plan  to  continue  the  study  for  a  fifteen-year 
period.  When  at  least,  one  •rroup  reaches  the  a^e  of  fourteen  (maximum  in  this 
study)  the  children  will  have  been  eximsed  to  fluorine  throufrhout  their  entire 
life,  'that  is  prenatal  and  postnatal.  The  schema,  Fijr.  1,  indicates  the  "roui)s  to 
be  examined  each  year;  those  aj;e  frroups  that  from  time  to  time  will  be  re-ex¬ 
amined;  and  the  many  opi)ortunities  for  comparinfr  the  caries  incidenee  in  each 
a}re  jrroup  after  different  time  intervals  of  exposure  to  fluorine. 

A  study  of  this  nature  must  have  an  ade(|uate  control.  It  seemed  logical 
to  think  of  (>ak  Park,  Illinois,  as  the  ideal  control  community  because  of  its 
close*  similarity  to  the  study  area.  After  careful  con.sideration,  the  dental  and 
medical  jjrofessions,  the  I)e|)artment  of  Health,  and  the  officials  of  the  imblic 
elementary  s<*hools  and  the  hijrh  se-hool  of  Oak  Park  frraciously  offered  to  sene 
as  the  control  conun  unity. 

It  is  necessary  to  support  the  clinical  findinsrs  with  information  which  cannot 
be  obtained  from  the  child.  Therefore,  a  (piestionnaire  was  pre])ared  whieh  is 
sent  to  the  parents  and  returiu'd  to  the  home-room  teacher  (Fiji.  2).  The  data 
are  transferred  to  the  permanent  history  card  prior  to  the  clinical  examinations. 
All  questions  are  considered  essential  in  the  evaluation  of  the  oral  condition  of 
each  child.  However,  some  of  the  more  important  (piestions  are;  (1)  other 
]>laces  of  residence  with  the  dates  of  each;  (2)  vacations  or  oKsenees  from 
Kvanston,  Skokie,  or  Oak  Park  of  more  than  thirty  days  at  a  time,  with  dates 
and  places  of  such  residence;  (3j  the  place  of  residence  of  mother  durin«;  }j:rsta- 
tion;  (4j  siM'cial  «liets  of  mother  durint;  j)re}i:nancy ;  (b)  the  dietary  habits  of 
the  child,  and  (b)  kinds  ajul  periods  of  illnesses  of  the  child. 

SCHOOI.  CI.I.MUS 

Dejital  cliijics  are  established  in  certain  public  ami  parcM-hial  scIkjoIs  which 
ai-e  s<dected  l>4*cause  of  theii*  jfliysical  facilities  and  because*  of  tlu'ir  convenient 
location.  Children  are  ti-ansporte<i  from  near-by  schools  to  the  dental  clinic  in 
Older  to  je*<luce  the  freepieiicy  of  iimviiiff  the  clinic.  The  dental  e<|uipment  con¬ 
sists  of  two  dejital  chairs  us4'd  foi-  the  <ual  examinations,  twee  dental  chairs  for 
the  x-ray  survey,  two  mobile  type*  x-ray  mae‘hijie*s,  twe)  l*e*ltem  eepe'i-atiiiK  lifihts. 
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DENTAL  CARIES  STUDY— EVANSTON,  ILLINOIS 

Sex . Color  . Color  hair . Color  eyes  . . 

Home  address . . . Telephone  No . School . 

. Lived  in  Evanston  since . 

Tfftrn  «W  state 

List  dates  and  other  places  of  residence . 


Date  of  birth . Birthplace 

V,.  Dcr  Fror 


Tffm  «W  slate 
Desicuate  loitm  and  state.  IssdicaU  Tem  (7*)  «r  Farm  (F) 


Check  t\-pe  of  water  supply  in  above  places:  Well  water .  Cistern  water .  City  water .  Spring  water 

Vacations  or  absences  from  Evanston . 


Uere  Ikam  Ju  4ay\ 


.  Platei  af  retideme  dmrime  tint  time  « ilk  dal 


Purint  stkat  mas.  af 


Do  you  now  use  city  water  supply? . Bottled  water  for  drinking?  . for  cooking?  . Brand 

Did  mother  live  in  Evaaston  during  pregnancy?  Ves . No  . If  not,  where?.... 

Was  mother  seriousiy  ill  during  pregnancy?  Yes . No . If  so,  name  illness . 

Did  mother  take:  Calcium  compound?  Yes . No . ;  spec  iai  cereal  or  bone  meal?  Yes  . No  . .  If  so,  please  statij 

kind  . . ; . . . . . 

Are  there  any  members  of  family  with  impaired  hearing?  Ves . No . If  so,  who . 

DIETARY  RECORD  OF  CHILD: 

Breast-fed? .  _  ...How  Iong?..„ . Cod-liver  oil  or  vitamin  D  concentrate?  Yes . No 

Age  started . Orange  juice  or  Vitamin  C?  Yes  . No .  Age  started . 

Cereal . . Kinds . How  long? . 


Simt  Sink 

Does  child  have  a  good  appetite?  Yes . No . List  below  foods  child  does  not  like  and  seldom  eats 


I>o  you  use  a  pressure  cooker  for  emking  vegetables?  Yes . No 


Does  child  eat  between  meals?  Daily . Frequently . Occasionally .  Rarely 


S~4  liases  per  week 


Wliat? . 


Does  child  use  the  following?  Daily  Frfquenlly  OccasioHoUy  Rattly  List  childhood  diseases  or  accidents: 

pea «««(  per  mek  prt  m 


Age 


Cod-liver  oil  or  vitamin  D 
One  quart  milk 
Citrus  fruits  and/or  tomatoes 
Chewing  gum 
Candy,  jam,  or  jelly 
Soft  drinks 

Pastries  J  Cookies,  cake, 
rasiries 


Child’s  physician  . 
Child’s  dentist . 


Has  child  taken  calcium  in  some  form 
under  diKtor’s  orders? 

Yes  No  •  Date 
Tonsils  removed  at 


Fig.  2. 


Unit  No _ Serial  No. 


\’olume  21 
Ntiml'cr  5 
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Name  of  mother . . . . Birthidace . . . 

T*wn  -iW  it4U 

Name  of  father . Birthplace . 

r«YM  ■itu  itJit 

Does  child  do  well  in  school?  Yes . No . 

Docs  child  get  along  well  with  playmates?  Yes . No . 

Is  child  emotionally  stable?  Yes . No . 

Remarks; 


List  names  of  other  children  in  family: 


S*mt 


ZXiir  «/  liVlb  St* 


D'tU  tf  hi^tk  St* 


Dtit  tf  kif$k  S** 


AiJr  tf  kiftk  Sts 


PROXI- 

MALS 

Dec. 

Cl . 

X . 

Perm. 
Cl . 

X . . 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Number  of  carious  teeth . Filled  teeth . Carious  surfaces  .  Filletl  surfaces . 

Xumlier  new  carious  teeth . Number  new  carious  surfaces  in  previously  decaye<l  teeth . 

Caries  index:  Dec.  D.M.F.T . S  . Perm.  D.M.F.T . S . 

No.  e.xtracted  teeth . No.  teeth  needing  extraction  . 

Congcnit;dly  missing  teeth:  Sjiecify . . . Immunity:  Questionable . Deciduous . Permanent . 

Cla.ssirK:ation  of  fluorosis:  Normal . Questionable . Very  mild  . Mild . Moderate  . Severe . 

Oral  hygiene:  Good . Fair . Poor .  Calculus:  Salivarv- . Serumal . 

Saliva:  Normal . Abnormal . Malformed  Teeth . . 

Sptxify  tkim,  tkiik,  ftp*,  sxtly,  p^tjust,  th. 


Gingival  condition:  Normal  . llyi)eremic . Inflamed  IIyi)ertrophic  Atrojihic . I'kerative  .. 

I  Past .. 

Occlusion:  Normal . Malocclusion .  Orthodontic  treatment  ! 

ci«.  I  It  lit  (Present 

Enamel  dystrophies: 

White  o|>acities . .  Enamel  pits  and/or  defects .  Mulberry  molars  . 

Brown  opacities .  Hutchinson's  teeth. .  Other  anomalies . . 

Fracturerl  or  chipped  incisal  eriges:  Specify : . 

•Salivary  counts:.. . Physical  defects: . .  . 

Deciduous  teeth  collected  for  fluorine  determination . .  Fluorine  content  of  teeth . 

Blood:  Hemoglobin . . . Coagulation . Urine:  Fluorine  content . 


Examiner. 


D.D.S. 


Traii'fer  to  Code  Sheet — Incomplete 


Complete 


Fig.  3. 
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an  okrtric  sloiilizor,  an  instrunuMit  cakinet,  taltlos,  desks,  and  so  forth.  A 
(‘omjdeto  .selection  of  inoutli  mirrors,  explorer  points  of  several  tyi)es  to  permit 
the  examination  of  all  surfaces  of  the  tooth  crowns,  dental  Hoss,  air  syringes, 
cotton  rolls,  and  i)ellets  is  ])rovided. 

The  staff  is  on  a  full-time  ha.sis  and  consists  of  three  dentists,  two  'x-ray 
technicians,  a  ‘rraduate  nurse  with  si)eeial  training  in  imhlie  health,  a  chemist, 
and  a  secretary.  Only  two  of  the  dentists  make  clinical  examinations  at  one 
time  while  the  third  denti.st  remains  at  the  central  office  (1)  to  keep  the  records 
up  to  date,  (2)  to  conduct  the  laboratory  work  connected  with  the  bacterio¬ 
logical  study  of  the  .salivary  specimens,  and  (3)  to  read  the  literature  pertinent 
to  the  study. 

All  api)ointments  for  visits  to  the  clinic  are  arranged  by  the  clinic  nurse 
cooperating  with  the  school  ])ersonnel,  usually  the  .school  nurse.  Every  effort 
is  made  to  schedule  a  child's  visit  to  the  dental  clinic  in  accord  with  the  indi¬ 
vidual  school  program.  Four  children  are  scheduled  for  the  clinic  at  nine 
o’clock  in  the  morning  and  every  forty  minutes  thereafter  until  noon.  A 
similar  forty-minute  .schedule  is  maintained  in  the  afternoon  until  the  close 
of  the  last  school  period.  This  schedule  makes  it  possible  to  conduct  simultane¬ 
ously  two  clinical  and  two  x-ray  examinations  and  allows  approximately  twenty 
minutes  for  each.  When  the  i)atient  is  ])roperly  .seated  in  the  dental  chair  with 
the  mouth  well-illuminated  and  with  a  wide  range  of  suitable  instruments,  it  is 
jmssible  to  make  a  detailed  examination  of  the  teeth  and  the  investing  tis.sues 
in  the  twenty-minute  period.  The  roentgenological  examination  consists  of  three 
apical-view  films  of  the  maxillary  anterior  teeth,  three  ai)ical-view  films  of  the 
mandibular  anterior  teeth,  and  one  bite-wing  film  each  of  the  right  and  tlie 
left  side  of  the  (i-,  7-,  and  8-year-old  children,  and  two  bite-wing  films  each  of 
the  right  and  left  side  of  the  12-,  13-,  and  14-year-old  children.  The  routine 
of  using  eight  to  ten  films  per  mouth  provides  ample  opportunity  to  examine 
critically  each  j)roximal  surface  for  early  carious  lesions  unless  the  teeth  are 
malposed.  All  films  are  processed  at  a  standard  temperature  of  68°  F.  for  a 
five-minute  period  which,  in  our  experience,  produces  a  contrast  best  suited 
for  the  recognition  of  early  caries  of  the  enamel.  The  exposures  are  made  with 
the  machines  adjusted  .so  a.s  to  deliver  approximately  fourteen  milliamperes. 

At  the  time  of  the  clinic  visit,  the  dentist  records  on  the  history  sheet  the 
l<M‘ation  of  all  carious  lesions  found  by  a  careful  clinical  examination  as  well 
as  tooth  surfaces  which  j)reviously  have  been  filled,  extracted  teeth,  teeth  that 
need  extraction,  and  many  other  conditions,  as  shown  in  Fig.  3.  During  the  fii*st 
j)art  of  each  week  .stimulated  salivary  specimens  are  collected  from  a  random 
sample  of  children  for  the  bacteriological  study.  The  specimen  is  collected 
before  either  the  clinical  or  the  roentgenological  examination  has  been  made. 
Thes(?  samples  from  10  per  cent  of  those  sche  luled  for  examination  during  the 
current  week  are  taken  during  the  latter  periods  of  the  morning  and  afternoon 
so  as  to  insure  a  uniform  lapse  of  time  after  eating.  The  majority  of  children 
will  juovide  a  b  to  8  e.c.  specimen  within  five  minutes;  however,  occasionally 
a  longer  time  is  required  to  collect  a  sfimple  of  suitable  volume.  Whenever  this 
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(K'curs.  ii  ivconl  is  kept  of  tlie  linu*  recpiired  to  collect  .1  c.c.  of  saliva.  The 
hottle  is  placed  in  an  iced  Thermos  jujr  in  onh'r  to  control  the  bacterial  «>:ro\vth. 
All  si)ecimens  are  cultured  the  s<uue  day  they  are  jrathered  by  0.1  ml.  of  a 
1 :10  and  a  1 :100  dilution  of  the  saliva  being  spread  on  plates  of  modified  tomato 
juice  agar  adju.sted  to  a  pH  of  r).2.  Two  plates  are  prepared  of  each  dilution. 
The  average  count  of  the  two  1 :10  dilution  plates  are  consi»lered  as  the  lacto- 
hacillus  count  for  that  specimen. 

Following  the  last  school  period,  the  dental  team  returns  to  the  central 
office  in  the  Health  Department  building  in  Kvanston  to  complete  the  day's 
work.  The  x-ray  technicians  process  the  films  taken  during  the  day  and  the 
dentists  inspect  the  x-ray  films  of  the  children  they  examined  on  the  previous 
(lay  to  discern  very  early  carious  lesions  on  the  proximal  surfaces  which  were 
not  detected  by  the  clinical  procedures.  All  carious  lesions  visualized  in  the 
film  and  not  recorded  during  the  clinical  study  are  nottnl  on  the  history  chart 
as  carious  lesions  observed  by  x-ray  only.  We  believe  that  it  is  very  important 
to  locate  and  record  every  site  of  cari(‘s  activity  at  each  examination  if  the  study 
is  to  be  of  value. 

The  clinical  study  in  Evanston  and  Skokie  i)rior  to  the  addition  of  fiuoride 
to  the  water  extended  from  Jan.  28,  194(),  to  Feb.  10,  1947.  The  study  in  Oak 
Park  was  instituted  on  Feb.  26,  1947,  and  wjus  coneluded  on  Xov.  10,  1947.  This 
base  line  survey  is  to  determine  the  prevalence  of  dental  decay  in  the  various 
age  groups  prior  to  the  addition  of  sodium  fiuoride  to  the  water  supply  in 
Evanston  and  Skokie  and  will  serve  as  the  basis  for  the  comparison  with  subse- 
(luent  findings.  The  Oak  Park  survey  is  for  the  purjaxse  of  determining  the 
luvvalence  of  dental  decay  in  the  control  community  at  the  time  the  study  was 
institut('d  and  to  siu-ve  as  the  basis  for  comparison  with  the  findings  of  fiituiv 
surveys  both  in  the  control  and  the  study  area  while  the  j)rogram  is  in  progress. 
These  base  line  ob.servations  were  made  on  4,375  North  Shore  children  and 
2,493  Oak  Park  children.  This  rtupiired  taking  and  studying  61,378  x-ray 
films.  For  the  pur])os(‘  of  determining  the  laetobacillus  content  of  the  saliva, 
we  collected  and  studied  672  six'cimens.  As  rapidly  as  all  of  the  data  for  each 
child  have  b(‘en  gathertnl  and  recordt‘d  on  the  i)ermanent  history  card  the  find¬ 
ings  are  transferred  to  a  code  sheet.  Tlu'se  code  sheets  are  forwarded  to  the 
Bureau  of  Vital  Statistics,  State  Department  of  Health,  for  the  transfer  to 
luinch  cards  which  will  be  used  to  sort  and  tabulate  the  data. 

A  chemical  laboratory  adeciuately  eiiuipped  for  accurate  Huorine  deter¬ 
mination  has  b(*en  t'stablislu'd  in  the  filtration  plant  of  Evanston.  In  this  labora¬ 
tory  samples  of  water,  which  has  been  gathered  daily  from  several  and  varied 
points  in  the  distribution  sy.stem,  are  analyzed  for  their  Huorine  content.  The 
reports  indicate  that  the  Huorine  content  of  the  water  d(H‘s  not  vary  more 
than  0.05i  of  one  part  per  million.  Bt'sidi's  determining  the  Huorine  content  of 
tlu'se  water  samph's,  many  different  typt*s  of  food  purchased  in  the  Evanston 
mai’k(‘ts  are  examined  for  their  Huorine  eontt'iit.  This  is  for  the  purpose  of 
providing  some  information  regarding  the  probable  amount  of  Huorine  taken 
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in  the  eoni})lete  diet.  ^lany  tootli  and  bone  specimens  from  persons  living  within 
the  study  area  are  also  examim'd  for  their  fluorine  content.  One  rejmrt  giving 
the  findings  of  tliese  chemical  studies  has  been  published.* 

The  first  examination  of  the  6-,  7-,  8-  and  12-,  18-,  14-year-old  school 
children  of  Evan.ston  and  Skokie  was  coinjileted  on  Feb.  10,  1947.  The  addi¬ 
tion  of  sodium  fluoride  to  the  water  supply  was  begun  on  Feb  11,  1947.  Through 
Feb.  10,  1948,  a  total  of  81,375  pounds  of  sodium  fluoride  had  been  placed  in 
the  city  water.  This  was  accompli.shed  at  an  e.stimated  cost  of  $0.1073  per  cajiita. 

Arrangements  have  been  completed  to  begin  the  second  examination  of 
the  6-,  7-,  8-year-old  school  children  of  Evanston  and  Skokie  on  Feb.  16,  1948. 
After  the  study  of  this  group  has  been  completed,  we  can  compare  the  data  with 
similar  groups  in  the  base  line  study  to  ascertain  if  there  is  any  change  in  the 
prevalence  of  tooth  decay.  It  is  not  expected  that  significant  changes  will  be 
observed;  furthermore,  it  i)robabily  will  be  some  time  before  caries  will  be 
reduced  materially. 

The  data  will  be  reviewed  at  the  clase  of  each  year’s  program.  The  find¬ 
ings  will  be  made  available  to  research  workers  through  scientific  journals  and 
to  the  lay  public  by  news  releases  in  the  daily  press. 


•Martin,  D.  J. :  .J.  D.  Res.  27:  27,  1948. 


IMA’OKINE  IN  DENTIN  AND  ENAMEL  OF  SOFNI)  AND  CARIOUS 
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F.  J.  McCLFRE,  Ph.1). 

Dental  Research  Section,  Experimental  Biology  and  Medicine  Institute,  Xational  Institute  of 

Health,  Bethesda,  Md. 

;^fN  A  review  of  the  literature  in  1933,  enamel,  dentin,  and  whole  teeth  were  re- 
1  ported  to  eontain  from  0.0  per  cent  to  1.4  per  eent  fluorine.^  The  published 
results  up  to  that  time  indicated  the  presence  of  0.10  to  0.20  per  eent  fluorine  in 
enamel.  Following  1933,  the  accuracy  of  the  fluorine  analytical  procedure  was 
improved  but  the  quantity  of  data  relative  to  dental  tissues  has  remained  very 
limited.  Additional  data  on  fluorine  in  human  dentin  and  enamel  are  desirable, 
particularly  since  fluorine  has  gained  much  prominence  in  the  prevention  of 
dental  earies.^J  The  published  results  on  the  fluorine  content  of  teeth  beginning 
with  the  year  1933  are  summarized  in  Table  I,  A  and  B)j 

VWhile  the  data  given  in  Table  I,  A  aiH*  insufficient  to  define  the  relation 
between  fluorine  content  and  mottled  enamel  diagnasis  of  individual  teeth,  as  a 
general  rule,  exposure  to  fluoride  watei-s,  particularly  during  the  formative 
period,  results  in  more  than  normal  ])ereentages  of  fluorine  being  present  in  Inith 
dentin  and  enamel  (See  Oekei'se,®  Table  I,  A  and  ID^ 

Fluorine  determinations,  however,  are  not  consistent  with  respect  to  fluorine 
in  sound  vemis  carious  teeth.  The  most  extensive  evidence  on  this  question 
has  been  supplied  by  Armstrpng  and  Brekhus'  whose  data  are  statistically  sig¬ 
nificant  and  support  the  view  that  enamel  of  sound  teeth  may  contain  almost 
twice  as  much  fluorine  as  enamel  of  carious  teeth.  These  invest igatoi*s  found 
no  differences  in  dentin  of  sound  and  carious  teeth.  Ockei-se*  rt'ported  identical 
mean  values  for  fluorine  in  sound  and  carious  enamel  and  no  significant 
differences  in  dentin.  Restai'ski,*  in  heretofore  unpublished  analyses,  obtaineil 
fluorine  values  which  appear  to  be  somewhat  high  for  both  sound  and  carious 
dentin  and  enamel.  His  data  seem  to  imply  a  somewhat  elevated  fluorine  ex¬ 
posure  by  the  group  of  Samoan  natives  whose  tetdh  he  analyzed,  and,  as  he 
reported,'^  the  Samoans  have  an  unusually  low  caries  index. 

The  mean  fluorine  content^  of  enamel  of  nine  sound  twth,  acconling  to 
Rcstarski’s  data,  was  0.015()±  .0012  per  cent,  whereas  fluorine  in  the  enamel  of 
fourteen  carious  teeth  had  a  mean  value  of  O.OllOi  .0010  per  cent.  The  differ¬ 
ence  between  enamel  of  sound  and  carious  teeth,  with  its  probable  eri-or,  is 
0.0040±  .OOlf)  per  cent  fluorine,  which  is  tm)  small  to  be  statistically  significant. 
Aside  from  the  data  i)ivsented  by  Armstrong  and  Bivkhus.^  thendoi'e,  there  has 
l)een  no  evidence  that  enamel  of  carious  and  noncarious  teeth  diff'ei-s  in  fluorine 
content.  Furthermore,  the  analytical  data  thus  far  give  no  indication  of  how 
fluorine  may  vary  from  one  type  of  tooth  to  amdher,  or  in  the  teeth  of  one  in¬ 
dividual  as  compared  with  those  of  another. 

The  author  waa  aasiated  with  part  of  the  analytical  work  of  thia  paper  by  Dr.  laadore 
Zipkin,  S.  A.  Scientist,  United  States  Public  Health  Service,  and  lalntratory  aa-siatance  waa 
provided  with  funds  allocated  by  the  Research  Commission  of  the  .\merican  Dental  Association. 

Received  for  publication  Feb.  12,  IMS. 
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Table  IA 

Fhoiune  in  Stii  xi*  AXi»  Cakioi  s  Teeth  Nttr  Exposed  T«t  Fli'okide  Domestic  Waters 
(Data  Piblisued  After  IH.'CJ) 


DENTIN' 

ENAMEL 

observer 

(7r  y) 

(%  F) 

DE.SCRn*TIOX  AND  L(K’AT10N 

Kois!<evain  and  Dr»*a'‘ 

O.IUiOH 

0.0250 

Sound;  New  York  City 

0.0- 

Howes  and  Murrav* 

Kanjje 

0.0200 

Sound;  London,  Eng. 

Howes  and  Murrays 

— 

(1.0250 

0.0250 

‘  ‘  Normal  ’  ’ 

( kkers<**' 

Mean 

0.02rtH 

0.0153 

Sound;  non-F  area;  Knvsna,  S. 

Africa 

Kanne 

(0.0200- 

(0.01.30- 

0.0320) 

0.01  SO) 

Mean 

0.0252 

0.015.3 

Carious;  non-F  area;  Knvsna,  S. 

Kaiitje 

(0.0140- 

(0.0070- 

Africa 

0.0520) 

0.0310) 

Arnistronfi  and  Hrekhus" 

Mean 

0.0100 

Sound ;  30-year-ol)l  man 

Mean 

_ 

0.0070 

Carious 

Mean 

0.0109 

Sound ;  2H-vear-old  woman 

Mean 

_ 

0.000.3 

Carious 

Mean 

_ 

0.0112 

Sound ;  sex  and  age  unknown 

Mean 

0.0007 

Carious 

Mean 

0.0114 

Sountl;  mean  of  s«»veral  individuals 

■Mean 

_ 

O.OOOS 

Carious 

Mean 

0.0109 

0.0111 

Sound 

liange 

_ 

(0.0073- 

0.0107) 

.Mean 

0.015.S 

0.0009 

Carious 

Range 

(0.0049- 

0.00S7) 

lie.st  arski*' 

.Mean 

O.OfDfi 

0.0150 

Sound;  teeth  from  Samoan  natives 

Range 

(0.041H- 

(0.0100- 

0.1071) 

0.0243  ) 

Mean 

0.0423 

0.01 10 

Carious 

Range 

(0.0100 

(O.OOfiO- 

0.0903) 

0.0240) 

Kolioltii’* 

Mean 

0.0310* 

0.0044* 

Normal  incisors 

Mean 

0.0.300 

0.0057 

Normal  molars 

•Roholm’s  figures  refer 

to  fluorine  in  ash. 

'I'ABl.E 

IH 

Fi.roRl.VE  I.N 

'fEETII  EXIHSED  TO 

Fl.l  ORIDE 

(  Data 

PCBLISHED 

-Vfter  193.3) 

OBSERVER 

DEXTI.N' 

EXA.ME1. 

DESCRID'ITON  AND  LOCATION 

Hoissevain  and  Drea'* 

Mean 

0.1120 

0.0050 

From  fluoride  area* 

H<jwe.s  and  Murray-'' 

Mean 

0.0730 

0.0320 

“  Mottle<l  teeth”;  England 

Arinstrou}'  and  Hreklius'*' 

Mean 

0.0.357 

Mottled;  severe 

Mean 

_ 

0.03.3.3 

Mottled;  severe 

Mwin 

0.03(il 

•Mottled;  moderate 

.Mean 

0.0343 

Mottled;  questionalile 

S<jjfnuaes  and  Arin.st  roiij;* ' 

Mean 

0.0190 

0.0140 

Det-iduous;  sound 

Mean 

0.0270 

0.0140 

Permanent;  carious  or  malposition 
From  Tristan  tie  (Mnhat 

(k-kerse^ 

Mean 

0.0755 

0.0445 

From  Calvinia,  S.  .\frica,  a  fluo 

Range 

0.0130- 

(0.0150 

riile  areal 

0.1700 

0.0750 ) 

Haniersina'ii 

Mean 

0.0450^ 

0.01775 

Teeth  from  19-year-old  hoy  living 

Range 

(0.0317- 

(0.0074- 

in  I'retoria,  S.  .Vfrica,  ii  Huttritle 

O.OfikO) 

0.02H5  ) 

aroa 

Rolmlin** 

Mean 

0.0H30$ 

0.02905 

TiH'tli  from  worker  in  cryolite 

( Na,.\  1  Fj )  factory 

*Colora(io  iSpringiij  drinking  water  wtiicli  contains  2.5  to  2.6  ppm  fluorine. 
tA  mild  fluoride  exposure  from  food  is  suggested  in  connection  with  this  study. 
tOckerse  rep<jrted  1..5  ppm  fluorine  in  drinking  water  from  tliis  area.*  He  refsjrted  a)jM* 
as  muoli  as  13.9  ppm  fluorine  in  water  from  here  lioles,  used  for  <lrinking  in  some  areas  in 
Soutli  Africa.** 

{Data  tefer  to  fluorine  in  ash. 
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Numlier  ^ 
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I'RW’KDI  RK:  TP:KTH  AND  FLUORIN'K  DKTKRMIN'ATION 

For  ol)vious  reasons  the  usual  diafrnosis  of  a  tooth  as  earious  ui)on  the  find- 
in};  of  eavities  or  fillinjjs  is  not  a  criterion  of  active  caries.  An  unfilleil  cavity 
is  indicative  of  past  or  present  caries  activity;  a  filling  is  essentially  a  record  of 
pnnious  caries  experience.  Between  the  time  of  restoration  or  cessation  of 
active  caries  and  the  date  of  tooth  extraction,  fluorine  may  have  been  acquired, 
that  is.  ]>osteruptively.’'’-  It  is  imjmrtant  to  note,  therefore,  that  our  desig¬ 
nation  as  ‘‘carious”  actually  refers  to  teeth  which  had  caries  at  a  prior  un¬ 
determined  i)erio<l  and  may  or  may  not  have  been  actively  carious  at  the  time  of 
extraction. 

The  content  of  ash  was  determined  as  a  routine  part  of  the  fluorine  deter¬ 
mination  and  is  recorded  in  two  of  the  tables.  Tbe  ash  data  are  consistent  for 
all  teeth,  both  sound  and  carious.  The  pos.sibility  that  fluorine  in  the  ash  might 
l)e  more  revealing  with  regard  to  differences  in  fluorine  content  than  fluorine 
in  the  unashed  sample  was  given  some  consideration,  but  comparisons  of  fluorine 
values  for  ashed  samples  are  no  different  from  compari.sons  of  fluorine  in  the 
unashed  dentin  or  enamel.  The  major  attention  is  given  to  fluorine  in  the 
unashed  samjfles. 

Fluorine  was  determined  in  dentin  and  enamel  acconling  to  Armstrong's 
modification’’’  of  the  Willard  and  Winter  titration  technujue.’*  Individual 
teeth  was  firat  cleaned  and  the  crowns  separated  from  the  nH>ts.  All  carious 
material  was  removed  with  dental  burs.  The  cit)wns  were  pulverized  to  pass  a 
60-mesh  sieve,  extracted  in  a  Soxhlet  eight  houi’s  with  ether  and  eight  hours  with 
alcohol,  and  dentin  and  enamel  were  separated  by  the  flotation  pnn’ess  of  Manly 
and  Hodge.®" 

The  enamel  and  dentin  samples  were  ilried  at  llH)^  for  one  hour,  and  a 
siim|)le  for  fluorine  analysis  was  weighed  into  a  tared  platinum  crucible.  The 
siuuple  was  ashed  at  rmO”  (‘.  for  three  houra  and  the  weight  of  ash  determineel. 
The  ash  was  transferred  to  a  bO  c.c.  pyrex  tMaisen  distilling  flask  containing  a 
glass  bead,  and  10  c.c.  of  60  per  cent  were  added  with  almut  10  c.c.  of 

water  used  bu’  washing  the  ash  from  the  crucible.  Steam  distillation  was  l>egun 
when  the  tcm|>crature  in  the  <listilling  tla.sk  reaclunl  KIS  to  140^  I',  and  was 
contimu’d  until  IbO  c.c.  of  tli.stillate  were  collected  in  a  receiving  fla-sk  containing 
b  c.c.  .\/l0  .\aOII.  The  distillate  was  evaporateil  abm>st  to  tlryness  in  a 
platinum  dish,  then  made  acid  with  .N  10  lll'l,  and  transferred  to  a  1‘0  c.c. 
volumetric  flask.  Three  or  four  aliquots,  consisting  of  *5  or  So  of  the  total, 
were  titrati’d  with  standard  thorium  nitrate,  after  fii-st  buffering  with  one  di\q» 
i)f  the  usual  t richloracetatc  buffer  and  adding  one  drop  of  .sitdium  alizarinsul- 
fonale  iiulicator.  The  mean  of  three  or  f»»ur  alitpiot  titrations  was  use<l  for  the 
final  calculations.  In  the  majority  of  the  analyses  the  (pumtity  of  determined 
fluorine  was  not  Ic.ss  than  2b.O  /ig  and  rarely  exceeileil  100  to  lb(I  micrograms. 
This  necessitated  starling  with  an  analytical  sample  (O'  enai;'>el  or  dentin  of  the 
order  »0'  0.2  to  O.b  tJm.,  which  in  imtst  instances  made  it  lu'cessiiry  to  pmO  enamel 
and  dentin  from  several  teeth.  'I'eeth  (O'  a  similar  type  were  p(H»le(l  in  all  but 
a  very  few  instane(‘s.  Some  idea  (O'  the  accuracy  of  the  method  may  be  gained 
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from  the  analytical  and  i-eeovery  data  shown  in  Table  II.  Twenty-five  and 
fifty  niierofrranis  of  fluorine  as  sodium  fluoride  were  added  to  dentin  and  enamel 
samples  pi-eviously  analyzed  for  fluorine.  The  mierograms  and  per  cent  of 
rtuorine  m*overed  after  the  mean  per  cent  of  fluorine  present  in  the  sample 
was  deducted,  are  recorded  in  Table  II. 


Tabi.e  II 

Fi,r<»Ki.\E  Axai.yse.s  ok  IIi  max  Dentin'  and  Enamei. — Kecoveky  ok  Added  Fu  okine 


1 

o 

.YNAI.YSIS 

.3 

4 

MEAN 

Sample  .4 

(  Sou  ml  Dentin) 

Per  eeiit  ttuorine 

.0228 

.02.30 

.02.31 

_ 

.02.30 

Fluorine  a<l<le«l  Mg 

25.0 

25.0 

50.0 

50.0 

_ _ 

Fluorine  rei'overeil  Mg 

27.7 

29.0 

.12.7 

42.6 

_ 

Fluorine  recovered 

110.8 

116.0 

105.4 

85.2 

104.4 

Sample  B  (C arinus  Dentin) 

Per  cent  fluorine 

.0105 

.0198 

.0169 

.0143 

.0176 

Fluorine  a<l<le<l  Mg 

25.0 

25.0 

25.0 

50.0 

Fluorine  re«‘overed  Mg 

2«..'l 

21.6 

26.2 

48.8 

Fluorine  recovered  % 

105.2 

86.4 

95.4 

95.2 

95.6 

Sample  C  (Carioutt  Enamel) 

Per  cent  fluorine 

.008.3 

.0081 

.0080 

.0094 

.0085 

Fluorine  a<Med  Mg 

25.0 

.10.0 

50.0 

_ 

Fluorine  rec-overed  Mg 

20.5 

44.2 

47.6 

_ 

Fluorine  rer-overed 

82.0 

88.4 

95.2 

_ 

88.5 

Sample  D  i 

(Sound  Enamel) 

Per  cent  fluorine 

.0107 

.0124 

.0100 

.0122 

.011.3 

Fluorine  added  Mg 

25.0 

50.0 

.10.0 

_ 

Fluorine  re<-overed  Mg 

24.7 

5,3.0 

44.7 

Fluorine  r<'Coven*<l  </f 

0H.8 

106.0 

89.4 

_ 

98.0 

Sample  E 

( Souiul  Enamfl) 

P«'r  <M*nt  fluoriiM* 

.0120 

.0114 

__ 

.0117 

Fluorine  added  Mg 

2.5.0 

25.0 

__ 

__ 

_ 

Fluorine  rwoveo'd  Mg 

24.1 

25.8 

__ 

_ 

_ 

Fluorine  n*<‘Overed  '/, 

00.4 

10.3.2 

-- 

-- 

99.8 

The  error  in  the  fluorine  determination  for  dentin  and  enamel  according 
to  the  data  in  Table  II  is  ±5.0  to  10.0  per  cent. 

KKSIU.TS 

Any  comparison  of  sound  and  carious  teeth  which  is  made  between  differ¬ 
ent  imlividuals  for  fluorine  differences  is  likely  to  intriKluce  erroi-s  due  to  varia¬ 
tions  in  the  individual’s  fluorine  exposures.  Dietary  fluorine  whicli  is  influ¬ 
enced  almost  exclusively  by  the  drinking-water  fluorine*^  may  be  expected  to 
afte<'t  the  Hu«>rine  in  teeth,  fiaiticularly  during  |)r<*-eruptive  tooth  life,  and  may 
also  increase  dental  tissue  fluorijie  posterupt ively. In  Table  111,  this 
uncontrolled  variation  in  fluorine  exposures  of  sound  and  carious  groups  of 
teeth  is  disregarded  and  all  the  analytical  data  are  averaged.  In  one  group, 
there  were  fourteen  imlividuls  who  wen*  continuous  residents  of  McDuffie 
('ounty,  <ia.,  where  the  caries  prevalence  is  somewhat  low  and  there  is  no  evi- 
<lenee  of  an  unusual  fluoride  exposure.  'I'he  forty-four  indiviiluals  listeil  as 
‘  residing  in  northeentral  Illinois  constitute  a  variable  group  whose  residence 

history  was  not  established  and  remains  (juite  uncertain.  Although  the  teeth 

f 
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from  these  individuals  were  eolleeted  in  a  }reo«jraphieal  area  which  has  a  liistory 
of  ino<lerate  fluoride  waters  (1.5  to  2.5  ppm  F),*  no  elevation  in  enamel  and 
dentin  fluorine  was  disclosed  by  analysis.  The  data  for  thirty-three  individuals 
were  studied  separately.  These  individuals  con.stitute  a  landom  fjroup  repre- 
sentin*!  individuals  whose  extractions  were  iierformed  mostly  in  Washington, 
I).  C.  Their  residence  histories,  so  far  as  they  could  be  obtained,  varied  fjrratly. 
The  dift'erences  amonw  the  means  of  all  the  data  for  ash,  fluorine,  and  fluorine 
in  ash,  shown  in  Table  III,  have  no  statistical  significance.  These  mean  values 
were  calculated  from  132,  142,  150,  and  187  individual  analyses,  re])resentinp 
262  sound  and  248  carious  teeth  from  ninety-one  individuals.  The  error  due 
to  nonrandom  sami)lin«  differences  (caused  by  variable  fluorine  exposures)  in 
these  firoup  data  may  not  be  too  sifinificant  in  consideration  of  the  relatively 
larfre  number  of  individuals  and  teeth  re])resented  in  the  data.  It  should  he 
noted  also  that  none  of  these  teeth  had  a  pie-eruptive  fluorine  exposure  large 
enough  to  produce  mottled  enamel.  The  extent  of  the  variability  in  the  data 
for  different  individuals  is  evident  in  the  figures  shown  in  Table  IV  and  may 
be  explained  as  mentioned  previously  by  the  sensitivity  of  dental  tissues  to 
dietary  fluorine. 


Tabi.k  IV 

Fl.r(»KIXE  CoXTE.NT  OK  DeXTI.V  AND  ExAMEI.  OK  Soi  Xl)  AXl)  CaKIOCS  TEETH, 
CoMi'AKisoNS  Made  ox  the  Same  IXDiviDrAi, 


DEX'TIX  1 

EXAMEI. 

RATIO 

IX- 

.\<:e  ! 

DIKKEK- 

DIKKEK- 

DEXTIX  VS.  EXAMEI, 

DIVIO- 

sorxD 

CAKIOl'S 

EXt'E 

sorxD 

CAKIOl’S 

ENCE 

.sorxD 

CAKIOl’S 

CAE 

(YK.) 

1  (7c  y  )  1 

(7r  K) 

(7c  K) 

(7c  K) 

(7c  K) 

(7c  K) 

TEETH 

TEfrrH 

1 

.01.56 

.0254 

-•-.0098 

.0070 

.0109 

+.0039 

2-2 

2.3 

2 

43 

.0223 

.0163 

-.0060 

.0073 

.00.54 

-.0019 

3.0 

3.0 

5 

.53 

.0312 

.41327 

-^.(•015 

_ 

r. 

ItO 

.0133 

.0119 

-.(•014 

_ 

_ 

7 

40 

.0210 

.0183 

-.0027 

.0096 

.0068 

-.0028 

*>  *> 

2.7 

H 

4<) 

.02(»2 

.0206 

-k.00(^4 

.01(^4 

.0087 

-.0017 

1.9 

2.4 

0 

2<i 

.0319 

.0294 

-.(•(•25 

.0173 

.01.54 

-.(•019 

1.8 

1.9 

10 

23 

.0246 

.0270 

-t.(^(^24 

.01.52 

.0140 

-.0012 

1.6 

1.9 

11 

4.5 

.020.5 

.0169 

-.(•(•36 

.0100 

.0083 

-.(•017 

2.1 

2.0 

12 

.02.56 

.0216 

-.(•(•4(^ 

.(•1.54 

.0139 

-.0015 

1.7 

1.6 

17 

.017.5 

.0235 

-^.(•(•6(^ 

.(•(•79 

.(•(•92 

+.(•(•13 

2.6 

20 

00 

.0191 

.0205 

+.(•014 

.0076 

.(•08(^ 

+.(•(•04 

2.5 

2.6 

21 

39 

.0219 

.0201 

-.(•018 

.(•087 

.0068 

-.0019 

2.5 

3.0 

2.1 

.56 

.((1.56 

.<•194 

+.(•(•38 

.(•(•78 

.0082 

+.0004 

2.0 

2.4 

24 

.0204 

.(•210 

+.(•(•(•6 

.(•(•74 

.(•(•96 

+.0(^22 

2.8 

2-2 

2.'5 

42 

.0313 

.(•311 

-,(•(•(•2 

.(•!(•(• 

.01(^2 

+.(•(•(•2 

.3.1 

3.1 

2<i 

.51 

.0240 

.(•222 

-.(•018 

.OIK^ 

.0124 

+.0014 

»>  *> 

1.8 

2H 

.016H 

.(•197 

+.(•(•29 

.0(^67 

.(•(•78 

+.0011 

2.5 

2.5 

:!! 

47 

.01  .{6 

.(•177 

+.(•(•41 

-- 

__ 

M< 

i*an 

.0214 

.(•219 

+.(•(•(•5* 

.(•1(K^ 

.(•(•97 

-.ooo;5* 

2.3 

2.4 

1*. 

E....  ■ 

±.0008 

±.(•(•(•8 

±.(•(•111 

±.••(•(•5 

±.00(^.5 

±.(•(•••71 

±.07 

±.(•7 

between  iiieans. 
tl'.  E.  difference. 

Statistical  .-inalysis  of  differences  accordinK  to  .Student**: 


KI.rORI.XK  KLl’ORI.XE 


KOCNI)  Vs-  CARIOC8 

80ITND  V8.  C, 

DENTIN 

E.NAMEI, 

Mean  .1ifferen<-e 

t.)D)00.5 

-.00004 

Standard  deviation  of  difference 

.00008 

.00004 

t  value 

.620 

1.071 

probability 

.272 

.151 
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Anioiifr  the  thirty-three  indiviiluiils  studied  separately,  there  are  iiinetei'n 
who  ju'ovided  ))oth  sound  aud  earious  dentin  aiul  sixteen  irpresentetl  with  l)oth 
sound  and  earious  enamel.  A  eonii)arison  of  the  fluorine  in  sound  and  earious 
dentin  and  enamel  from  these  individuals  is  shown  in  Table  IV.  The  statistical 
comparison  of  the  sound  and  earious  “means”  in  Table  IV  wains  in  significance 
l)ecause  of  the  presence  of  teeth  from  the  same  individuals  in  both  .sound  and 
carious  categories.  The  mean  difference  between  the  amount  of  fluorine  in 
sound  and  in  earious  dentin  is  -.0005  ±.0011  per  cent.  Between  sound  and 
carious  enamel  the  fluorine  difference  is  -.0003  ±.0007  per  cent.  Neither  of 
these  differences  is  statistically  significant.  When  the  individual  differences 
were  treated  statistically  by  Student's  method,*®  the  probability  factors,  .272 
for  sound  versus  earious  dentin  and  .151  for  sound  versus  earious  enamel,  were 
obtained  (Table  IV).  These  factors  give  no  indication  that  the  differences  are 
significant.  Only  a  probability  factor  of  0.05  or  less  justifies  a  significant  inter¬ 
pretation  (the  odds  are  1  to  20  or  more  that  the  result  is  not  a  chance  happen¬ 
ing).  Therefore,  in  this  comparison  of  sound  and  earious  data  (eighteen  dentin 
and  sixteen  enamel)  from  the  same  individuals,  there  is  no  indication  that  dif¬ 
ferences  in  fluorine  content  could  be  related  to  the  carious  or  nonearious  status 
of  the  tooth. 

Different  developmental  and  calcification  characteristics  of  the  various  fune-  — 
tional  types  of  teeth  (as  well  as  variations  in  fluorine  exposure)  might  introduce 
variations  in  the  amount  of  fluorine  acquired  by  the  teeth,  particularly  as  they 
(leveloj)  and  calcify.  An  attempt  to  eliminate  this  developmental  variable  is 
made  in  the  analysis  of  the  data  shown  in  Table  V  whei-e  the  data  compare 


Tabi.e  V 

Fl.rOKI.NE  .\XAI.Y.SES  OE  SOVNH  ANH  CaRIOVS  TeETU  FROM  THE  8aXIE  IXlHVlor.VI. 
(CoMPAKi.soNS  Made  Between  Teeth  of  Simh.ar  Type) 


1  DENTIN  1 

1  ENAXIEI. 

SOCND 

CARiors 

SOCND 

CAKIOCS 

TYPE 

(7c  r) 

(7c  r) 

(7c  V) 

(7c  r) 

A 

10 

.0197 

.0210 

.0085 

.0090 

B 

0 

.02:12 

.02:12 

.0113 

.011.1 

C 

o 

.0200 

.01.1.1 

.0101 

.0082 

Mean 

.0209 

1  .0214 

.0095 

.0099 

P.  E.  mean 

±.0010 

1  ±.0010 

±.0000 

±.IH)07 

Difference 

1  .0005 

1  .0004 

P.  E.  difference 

1  ±.0014 

1  ±.000*1 

Typ<»  A,  First  Incisons.  second  incisors,  canines :  Type  B,  First  premolars,  second  pre- 
molars;  Type  C,  Second  molars. 


carious  and  sound  teeth  of  similar  type  from  the  same  individual.  For  example. 
Individual  1  had  Imth  sound  and  earious  fii*st  ineisoi's.  or  second  ineisoi's,  or 
canines  represented  in  the  data.  The  differences  (and  their  probable  emu's) 
in  the  fluorine  found  in  the  .sound  and  carious  enamel  and  dentin  are  tabulated 
(Table  V).  These  differences  have  no  .statistical  significance;  the  probable  error 
of  each  calculated  difference  is  greater  than  the  difference  itself. 

A  studv  of  the  results  with  respect  to  teeth  having  diffei'ent  developmental 
ch:  iractcristics  was  made  also  by  means  of  the  data  .shown  in  Tables  VI  and  VI 1. 
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Holt*  a^aiii,  llie  uiiconliollod,  unkiunvii  variation  in  tlio  imlividuars  oxi)osurc 
to  fluorine  niay  have  influenced  the  (luantity  of  fluorine  dej>osited,  particularly 
during  the  formative  i>eriod.  The  mean  differences  tested  statistically  according 
to  the  method  of  Student^^  gave  probability  factors  i>ermitting  no  interpretation 
of  significance  (Table  VI). 


Table  VI 

COMPARLSOX  OF  FlUORIXE  IX  DIFFERENT  TYPES  OF  TEETH  FROM  THE  SAME  INDIVIDUAL 


COMPARLSONS 

NUMBER  of 
IXDIVIDU.YL 
COMPARLSONS 

MEAN 

DIFFERENCE 

IN  FLUORINE 

(Vr) 

PROBABIUTY 

FACTOR* 

t'anines  v.«.  incisors 

Sound  dentin 

14 

-.00012 

.127 

Sound  enamel 

U 

-.00001 

.461 

Premolars  vs.  eomhinetl  incisors  and  canines 

Sound  dentin 

10 

-.00015 

.073 

Sound  enamel 

12 

+.00009 

.060  • 

2nd  molars  vs.  premolars 

Carious  dentin 

13 

+.00002 

.577 

Carious  enamel 

12 

-.00007 

.073 

•According  to  Student.** 


All  of  the  data  have  been  utilized  in  the  preparation  of  Table  VII  to  .study 
fluorine  in  the  different  anatomic  types  of  teeth  and  in  sound  and  carious  teeth. 
Statistically  the  differences  in  data  for  sound  and  carious  teeth  in  this  table 
have  no  .significance.  The  different  teeth  ( combining  all  the  sound  and  carious) 
vary  in  fluorine  content  between  .0230  per  cent  and  .0247  per  cent  in  the  dentin 
and  between  .0086  per  cent  and  .0120  per  cent  in  the  enamel. 

While  the  variation  in  fluorine  in  individual  teeth  is  indicated  to  some 
extent  by  the  data  presented  in  Table  VII,  some  further  idea  as  to  the  variations 


Table  VII 

Fluorine  in  Sound  and  Carious  Teeth  Classified  According  to  Type 


SOUND 

SOUND 

NUM- 

NUM- 

NUM- 

AND 

AND 

BER 

1  SOUND 

BER 

1  CARIOUS  1 

BER 

CARIOUS 

CARIOUS 

<»F 

OF 

■■ 

■i 

OF 

■■1 

DIF- 

SAM- 

SAM- 

m/m 

SAM- 

FER- 

PLES 

BQI 

PLES 

PLES 

MEAN 

ENCE 

P.E. 

Fluorine  in  Dentin  (Per  Cent) 

Incisors 

44 

.0252 

±.0009 

28 

.0231 

±.0010 

72 

.0240 

+  0007 

.0021 

+  0013 

Canines 

24 

.0241 

±.0011 

19 

.0219 

±.0012 

43 

.0231 

±.0008 

.0022 

+  0016 

1st  premolars 

20 

.0252 

±.0011 

18 

.0212 

±.0009 

38 

.0233 

+  0008 

.0040 

+  0014 

2nd  premolars 

19 

.0276 

±.0010 

20 

.0216 

±.0009 

39 

.0245 

±.0007 

.0060 

+  0013' 

1st  molars 

10 

.0265 

±.0025 

19 

.0215 

±.0010 

29 

.0232 

+  0011 

.0050 

+  0027 

2n<l  molars 

13 

.0245 

±.0016 

45 

.0225 

±.0008 

58 

.0230 

+  0007 

.0020 

+  0018 

3rd  molars 

18 

.0276 

±.0018 

18 

.0221 

±.0011 

34 

.0247 

±.0011 

.0055 

+  0021 

Fluorine  in  Enamel  (Per  Cent) 


Incisors  I 

22 

.0118 

+  0005 

22 

.0101 

+  0005 

44 

.0110 

+  0004 

.0017 

+  0007 

t'anines  . 

21 

.0093 

±.0004 

13 

.0094 

+  0004 

34 

.0093 

±.0003 

.0001 

±.0005 

1st  preniolars 

15 

.0108 

+  0005 

16 

.0089 

+  0005 

31 

.0098 

+  0004 

.0019 

+  0007 

2nd  premolars 

20 

.0101 

±.0005 

17 

.0115 

+  0007 

37 

.0107 

+  0004 

.0014 

+  0008 

1st  molars 

9 

.0074 

+  0004 

16 

.0093 

+  0005 

25 

.0086 

+  0004 

.0019 

+  0006* 

2nd  molars 

12 

.0089 

±.0005 

35 

.0108 

±.0004 

47 

.0104 

±.0004 

.0010 

+  0006 

3rd  molars 

15 

.0116 

+  0006 

16 

.0124 

+  0005 

31 

.0120 

I+.0004 

.0008 

+  0008 

•Significant  statistical  differences  are  in  excess  of  three  times  the  probable  error  of  the 
difference. 


Volume  ’7 
Number  3 


FLIOHINE  IX  DEXTIX  AND  P:NAMEL  OF  TEETH 


295 


which  iiuiy  occur  ainoiifr  individual  teeth  in  the  same  inoutli  may  In*  »rained  by 
inspection  of  the  data  shown  in  Table  VIII.  In  this  table  are  presented  the 
detailed  lesults  of  analyses  of  all  the  teeth  available  from  three  individuals. 
The  differences  in  the  fluorine  content  of  individual  teeth  from  the  same  denti-^ 
tion  may  be  considera])le,  as  the  data  show  for  Individual  13,  particularly.  All 
the  teeth  obtained  from  this  individual  were  sound;  the  enamel  fluorine  varied 
from  0.0053  per  cent  to  0.0123  per  cent,  and  the  dentin  varied  from  0.0166 
per  cent  to  0.0327  per  cent  fluorine.  As  a  rule,  the  data  for  individual  teeth 
were  more  uniform  than  that  shown  for  Individual  13. 

Tabi.k  VIII 


Fi.roKixK  IN  Dentin  and  E.namei.  (Analytical  I).\ta  a.s  Obtained  for  Three  Individuals) 


individual  1.1 

1  INDIVIDUAL  3  1 

INDIVIDUAL 

10 

TEETH  EXTRACTED  IN  WASH- 

1  46- year -OLD 

MAN;  CONTINUOUS 

53-YEAR-OLD  MAN 

;  ENTIRE 

INfiTON, 

,  I).  C. ;  AC.E  AND 

RESIDENCE  IN  MCDUFFIE 

LIFE 

IN  WASHINGTON, 

RESIDENCE  I’NKNOWN 

1  COUNTY,  GA. 

D.  C.  ARE-\ 

TOOTH  1 

SOUND 

1  CARIOUS 

DENTIN 

ENAMEL 

TOOTH 

DENTIN  1 

DENTIN 

number" 

(9r  F) 

(%  F) 

NUMBER* 

(9r  F)  1 

(7e  F) 

1,  I(i 

.OKiO 

.0064 

16 

.0107 

.0101 

2 

.0.122 

.01.59 

2,  15 

.0240 

.0114 

1,  14 

.0405 

.0058 

15 

.0303 

.0147 

.1, 14 

.0228 

.00.5.! 

4,  1.1,  20,  20 

.0.152 

.0070 

1.1 

.0284 

.0129 

4.1.1 

.0270 

.0101 

.5, 12,21,28 

.0311 

.0064 

14 

.0251 

.0099 

.5. 12 

.0284 

.0120 

6, 11,22,27 

.0142 

.0100 

1,3 

.0248 

.01.12 

(>.11 

.0277 

.0114 

7,10,23 

.0478 

.0072 

12 

.0248 

.0116 

7, 10 

.0201 

.0117 

8,  0,  24,  25 

.047.1 

.0068 

6,  lit 

.0220 

.0102 

8,0 

.0108 

.0114 

.12, 17 

.0446 

.0095 

.12 

.0317 

.0146 

.12,17 

.021.1 

.0100 

11,  18 

.011.1 

.0069 

IS 

.0184 

.0128 

.11, 18 

.0217 

.0064 

10,  10 

.0480 

.0084 

07  00 

.0249 

.0127 

10, 10 

.0186 

.0008 

20, 20 

.0274 

.0121 

28.21 

.0127 

.0120 

2rt.  21 

.0216 

.0004 

-Mean 

.0251 

.0100 

Mean 

.0400 

.0078 

Mean 

.0265 

.0129 

•In  most  instances  two  or  more  teeth  of  similar  type  were  pooled  in  order  to  obtain 
a  quantity  of  analytical  sample  sufficient  for  one  complete  analysis.  Teeth  are  numbered  ac- 
eordini;  to  following  formula:  Upper  right  third  molar  (Number  1)  to  upper  left  third  nuilar 
(Number  16)  ;  lower  left  third  molar  (Number  17)  to  lower  right  third  molar. 

tSound. 

DISCUSSION 

One  of  the  purposes  of  this  study  was  to  attemi>t  to  explain  the  role  of 
fluorine  as  a  caries-preventive  element.  One  hypothesis  receiving?  reasonably 
sound  support  ascribes  the  antiearies  effects  of  fluoride  domestic  watei-s®  and 
the  effect  of  topically  applied  fluoride-^’  to  the  acquisition  of  an  o))timal 
(piantity  of  fluorine  by  dental  ti.s.sue.  This  hyjiothesis  has  Ih'cii  supported  by 
the  widely  accepted  but  limited  data  of  Armstroii);  and  Hrekhus^  which,  as 
quoted  jueviously,  show  siifiiihcant  differences  in  the  fluorine  content  of  the 
enamel  of  sound  vei-sus  carious  teeth  of  three  individuals.  Other  ^nuip-data 
presented  by  these  same  investigators  reflect  the  same  enaimd  differences,  al- 
thoujfh  no  differences  were  observed  in  the  dentin. 

In  the  lifjht  of  more  extensive  analytical  data  there  .seems  considerable 
mison  to  believe  that  a  difference  in  fluorine  eontcuit  of  sound  and  carious  enamel 
(and  d(*ntin)  is  not  a  f?eneral  rule  amon*;  most  individual  dentitions.  The 
sound  and  carious  enamel  in  the  teeth  of  all  of  the  sixteen  individuals  showed 
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no  (liftVmuH's,  and  in  all  of  the  nineteen  individuals  there  wero  no  ecnisistent 
differenees  in  the  sound  and  earious  4]entin.  Therefore,  it  does  not  a])p(‘ar  that 
the  earies  history  of  one  t(M>th  as  eoni])ared  with  another  tooth  in  the  same 
dentition  was  ivlattHl  to  its  fluorine  content. 

Analysis  of  the  data  in  relation  to  variations  in  the  fluorine  contciif  of 
clifferent  functional  or  anatomic  tyjH's  of  teeth  has  hrousrht  to  lisrht  no  sitrnificant 
variations  in  either  dentin  or  enamel.  As  in  the  comparisons  of  carious  and 
sound  teeth,  it  is  interestini;  to  note  that  the  statistical  results  for  both  dentin 
and  enamel  indicate  a  similar  pattern  of  uniformity.  This  relatioji  is  substan¬ 
tiated  in  the  dentin  to  enamel  ratios  shown  in  Table  IV.  The  dentin  seems  to 
contain  alHUit  2.0  to  2.5  times  as  much  fluorine  as  fhe  enamel.  In  fhis  connecfion, 
previous  analyses  of  rats’  molar  and  incisor  teeth  may  he  noted  in  which  the 
dentin  to  enamel  fluorine  ratio  was  of  the  order  of  2.5  to  3.0  for  the  incisoi’s;  and 
where  fluorine  had  f)een  acquired  (even  in  varyin*;  <piantifies)  jmsterupfively 
by  the  rats'  molars,  there  was  uniformly  3.5  to  4.0  times  as  much  fluorine  in  fhe 
dentin  as  in  the  enamel. This  relatively  consistent  relation  of  fluorine  in 
dentin  to  fluorine  in  enamel  in  fhe  case  of  rats’  teeth  was  a.scrihed  to  an  orderly 
systemic  retention  of  fluorine  by  both  dentin  and  enamel,  which  seeminffly  was 
unaffe<-ted  by  "oral  surface  absorption  of  fluorine.”  Human  feefh-fluorine  dafa 
also  {rive  KOixl  evidence  of  a  relatively  consistent  ratio  of  fluorine  in  fhe  denfin 
to  fluorine  in  the  enamel.  This  would  not  be  the  case  in  the  carious  tiMith  if, 
as  the  data  of  Armstroiif;  and  Brekhus'  would  indicate,  there  were  less  fluorine 
in  the  enamel  but  not  in  the  dentin  of  the  carious  tiMith.  The  weijrht  of  the 
evidence  according;  to  our  data  siijifiests,  therefore,  that  all  the  teeth  in  a  denti¬ 
tion  {generally  respond  with  considerable  uniformity  to  dietarv-fluorine  exposure, 
and  fluorine  in  fhe  denfin  and  enamel  will  be  in  a  relafively  uniform  ratio. 
Variations  amoiiff  teeth  apjiear  to  have  no  relation  to  the  anatomic  type  or 
subse<4uent  caries  history. 

While  teeth  studied  individually  in  a  siiifrle  dentition  may  show  no  relation, 
therefore,  between  fluorine  content  and  individual  caries  experience,  such  a 
findiim  is  not  contrary  to  the  sufificstion  that  the  total  caries  experience  of  an 
individual  may  be  tjreatly  benefited  by  the  presence  of  an  over-all  optimum  quan¬ 
tity  of  fluorine  iii  the  «lentin  and  enamel  of  all  the  teeth.  It  may  be  possible, 
therefore,  to  attribute  the  decrease  in  dental  caries  experience  amoiifr  individuals 
resi<linf£  in  areas  of  «lomestic  fluoride  wafeis^  fo  an  over-all  increa.se  in  fluorine 
in  the  «lentin  and  enamel  of  all  the  teeth.  In  this  way  a  critical  concentration 
of  fluorine  in  the  dentin  and  enamel  of  the  entire  dentition  may  be  expected  to 
iir.prove  the  total  dental  caries  experience  of  the  imlividual.  In  the  future,  our 
stu<lies  will  attempt  to  relate  fluorine  in  dentin  and  enamel, to  fluoride-dome.stic- 
water  exposure,  and  the.se  results  may  throw  li'jht  on  the  irlation  of  fluorine  in 
dentin  ami  enamel  to  the  communal  dental  caries  index.  At  the  .siune  time, 
additional  data  will  be  available  to  study  sound  and  carious  teeth  as  well  as 
mottled  teeth  which  have  bet-n  exposetl  to  domestic  fluoride  waters. 

SIM.M.VKV 

The  fluorine  content  of  Imman  dentin  and  enamel  has  b(>en  studitsl  hy  the 
analysi's  o)  t<‘elh  obtained  fiom  thiity-three  indivitiuals  (sfmlie*!  .separately) 


Vdhimr  2“ 
Niiml^er  3 


KI.COIMNK  IN'  DKN'TIN'  AM)  KNAMKL  OF  TEKTH 


'2t>7 


an<l  from  Uvo  jrroups  of  fourto<‘n  and  forty-four  individuals  rarh.  Th»*  er»)wns 
of  2H2  sound  and  ‘24H  carious  teeth  were  separated  into  dentin  and  enamel  and 
a  little  over  6(M)  fluorine  determinations .ma<le  on  jKK>led  or  individual  «lentin 
and  enamel  samples.  None  of  the  teeth  showed  maerr>seopie  fluorosis  and.  with 
the  exception  of  the  urouj)  of  forty-four  individuals,  there  was  no  rea.son  to 
suspect  any  unusual  fluoride  ex|»osure.  The  ash  in  enamel  averaged  9.5.S  per 
cent:  in  dentin,  7!f.H  per  cent;  and  no  differences  were  apparent  between  sound 
and  carious  teeth.  The  fluorine  in  enamel  averaged  .010(1  per  cent  and  in  dentin 
.0233  per  cent,  and  the  differences  between  the  enamel  and  the  dentin  of  s«)un«l 
and  carious  teeth  were  not  significant.  Fluorine  in  the  ash  of  enamel  averageil 
.0104  per  cent  and  in  the  ash  of  dentin,  .0292  per  cent.  Differences  between 
results  for  sound  and  cai-ious  teeth  were  not  significant.  A  study  of  the  teeth 
according  to  anatomic  or  functional  type  also  did  not  reveal  any  significant 
differences  in  fluorine  content. 

An  evaluation  of  the  analytical  data  at  present  suggests  that  fluorine  data 
for  the  individual  teeth  of  a  single  dentition  cannot  be  expecteil.  as  a  general 
rule,  to  show  consistently  less  fluorine  in  the  enamel  of  the  carious  teeth  than  in 
the  enamel  of  the  sound  teeth.  In  some  individuals,  fluorine  in  the  enamel  of 
the  sound  teeth  alone  may  differ  as  much  as  the  fluorine  in  enamel  of  sound 
versus  carious  teeth. 

There  is  reason  to  believe  that  an  unusual  dietary  (particularly  water- 
fluoride)  exposure  during  fonnative  tooth  life  may  increa.se  the  fluorine  wntent 
of  the  entire  dentition,  including  both  dentin  and  erramel.  An  incrt*ast*  in 
fluorine  in  all  the  teeth  may  then  accourrt  for  an  over-all  rt'duction  in  the  dental 
caries  experience.  I'nder  this  circumstance  it  may  be  said  that  an  optitnum 
<iuantity  of  fluorine  in  the  dentin  and  the  enamel  of  the  entire  tlentition  is 
as.so<*iated  with  a  reduc(*d  incidence  of  dental  caries.  At  the  piv.sent  time,  ilata 
are  not  available  to  demonstrate  this  later  hypothesis,  but  such  an  inve.stigatii»n 
is  under  way. 
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THK  INCIDENOK  OF  DENTAL  CARIES  A^MONG  FRESHMAN 
STUDENTS  AT  OREGON  STATE  COLLEGE* 


DKMKTHIOS  M.  HAD.TIMARKOS,  D.D.S.,  M.P.II.,  AND 

CLARA  A.  STORVICK,  Ph.D. 

From  the  Dt  jHirtment  of  Foods  and  Nutrition,  School  of  Tlome  Economics, 

Oregon  State  College,  C onallis.  Ore. 

From  epidemiological  studies  on  dental  caries  conducted  amon»  the  same  ajje 
groups  of  people  living  in  different  geographic  areas  of  the  United  States,  it 
has  been  found  that  there  is  a  difference  in  the  incidence  of  the  disease  among 
them.  As  an  explanation  for  this  variability  in  caries  incidence  of  population 
groujis,  the  effect  of  several  intrinsic  and  extrinsic  factors  on  the  incidence  of 
dental  decay  has  been  analyzed. 

In  a  recent  report*  on  caries  prevalence  (decayed  and  missing  teeth)  among 
draftees  from  all  the  states,  it  was  pointed  out  that  the  State  of  Oregon  had  the 
fifth  highest  position  among  the  forty-eight  states.  In  view  of  this  fact,  and  be¬ 
cause  there  were  no  detailed  data  available  concerning  the  dental  condition  of 
the  people  of  the  state  of  Oregon,  this  study  was  undertaken  in  order  to  find  out 
the  incidence  of  dental  caries  among  a  selected  group  of  people  and  also  some  of 
the  possible  etiological  factors  which  influence  it.  It  was  hoped  that  the  findings 
of  this  survey  would  serve  as  a  basis  for  further  investigation  in  selected  gt^o- 
grai)hic  areas  of  the  State  of  Oregon. 

MATKRI.M,  .\ND  PROCKDI  RK 

The  .subjects  of  this  investigation  were  freshman  students  of  Oregon  State 
Uollege  who,  according  to  the  registrar’s  records,  were  residents  of  the  State  and 
did  not  serve  in  the  Armed  Sei'vices  during  the  war.  Tlie  purpose  of  elimijiating 
nonresidents  and  veterans  was  to  have  as  homogeneous  a  group  as  jmssible. 

The  data  collected  included  a  dental  examination,  saliva  analyses,  and  the 
taking  of  a  nutrition  history. t  This  paper  deals  oidy  with  the  dental  examina¬ 
tion  and  findings.  The  following  items  were  recorded  on  the  dental  examination 
form:  (1)  Number  of  teeth  which  had  been  filled;  (2)  numln'r  of  missing  teeth; 
(3)  number  of  teeth  indicated  ft>r  extractioJi  because  of  extensive  caries;  (4) 
number  of  cavities  indicated  for  filling  detected  by  exphuer,  aiul  to)  numl>ev  of 
cavities  indicated  for  filling  detected  by  radiographs. 

All  students  were  examined  by  one  of  us  (D.  II.),  and  this  fact  adds  more 
uniformity  to  the  collected  materiad,  as  the  metloHl  of  examination  was  the  same 
for  all  the  subjects. 

Ro<-etv«*a  for  iiublk-ution  Keb.  27,  lOfs. 

*Tbi.'<  invt'HtiKHtion  WMa  iiiuile  posMible  Ihi'oiiKb  an  appropriation  hv  the  OiVKon  State 
I.fKialaturc  In  1)H5  and  1047  for  r<‘t*i-art'b  under  the  tliretdion  «if  the  Department  of  Kmala  and 
Nutrition,  School  of  Home  Kconomica.  Tlie  Kxtenaion  Women'!)  I'ounci)  of  the  State  of  Orett^m 
wa.s  iiiHtruiiK'iital  in  obtainint?  tlie  fund. 
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The  dental  examination  was  done  hy  •means  of  mouth  mirror  and  exjdorer 
in  ‘tchkI.  natural  liirht  eomhined  with  a  dental  snotlijiht.  Posterior  hite-wing 
radiofrraiihs  were  taken  of  eaeh  student.  An  illuminator  and  mafrnifyinsr  "lass 
were  employe<l  for  viewin"  the  radio"ra]ihs.  Pits  and  fissures  were  listed  as 
carious  if  the  explorer  caufrht  and  only  when  a  carious  lesion  was  actually  found 
by  careful  examination.  Observations  were  not  made  f4)r  third  molars.  All 
mis.sing  teeth  were  as-sununl  to  have  been  lost  because  of  extensive  earies.  except 
in  a  few  ca.ses  where  the  subject  upon  questioninjr  stated  other  reasons,  for 
example,  lost  by  accident  or  congenitally  mis.sinjr.  In  these  instances,  the  missin" 
teeth  were  not  listed. 

The  dental  caries  experience  was  measured  by  countin"  the  number  of  fille<l 
teeth,  missing  teeth  because  of  caries,  teeth  indicated  for  extraction,  and  te<‘th 
with  untreated  dental  caries  indicated  for  filling.  The  term  “DMF”  was  use<l 
to  designate  past  and  piesent  caries  experience  for  teeth  and  tooth  surfaces. 

FINDINGS 

The  sex  and  age  distributions  of  the  582  freshman  students  examined  are 
given  in  Table  I.  The  numlier  of  women  was  higher  than  men  in  all  age  groups. 
Most  of  the  students  fell  within  the  18-year-old  grouji.  In  the  age  group  17  and 
under  (17-)  only  one  student  was  .sixteen,  while  in  the  age  group  20  and  over 
(20  ),  most  of  the  students  were  20  years  old  with  only  a  few  above  this  age. 
All  of  the  counties  of  the  State  of  Oregon  except  Grant  and  Wallowa  were  rep¬ 
resented  in  the  .sample.  Counties  such  as  ^lultnomah,  Marion,  Benton,  and 
Linn,  where  larger  cities  and  towns  are  located,  had  a  greater  number  of  students 
attending  Oregon  State  College.  Four  of  the  582  students  were  found  caries-free. 

The  data  given  in  Table  II  provide  information  as  to  the  dental  caries  ex- 
Iierience  0)MF)  in  terms  of  teeth  and  tooth  surfaces  per  student.  As  it  can  be 
seen,  the  average  number  of  DMh’  teeth  and  tooth  surfaces  increases  with  the 

Tabi.k  1 

Xl  MBKK  OK  FkKSHMA.V  StI.DKNTS  .\T  DKKGO.V  HTATK  CoI.I.KOK  (iIVKX  DKXTAI.  Pi.XAMIXATIOX,  BY 

SI'Kcikikh  .\<iK  A.vi)  Skx  (iKorrs 


a(;k  i.\  vkaks  (1-a.st  biktubay) 


KKKSUMA.V  STI  IIK-NTS 

17- 

IS 

19 

20+ 

AM,  AfiES 

So.  of  men 

1.5 

172 

:{9 

11 

2:t;-) 

No.  of  women 

21 

214 

M2 

.•to 

:t47 

N«*.  of  Ixitli  isexeti 

:44 

:’.s<i 

121 

41 

.')S2 

Tabi.k.  11 

Ni  mbkk  ok  DMF  Pkkmankxt  Tkktii  am*  To<n'ii  Hi’kkai’ks  by  Hckcikiki*  Abk  (JKorrs  ok  5S2 
FkKSHMA.N'  WTI UK.NTK  at  OKKOO.S  HTATK  ('«*I.I.K<JK.  KaTKS  .\KK  K.YI'KKKSKI*  I’KK  Stcokxt 


CKKMA.VK.N'T  TKKTH 
So.  of  DMF  tw'th 
So.  of  DMF  surfaci's 


chronological  age  of  llie  stud«*nt,  exce|*t  in  tin-  ease  of  the  2(l-y4‘ar-old  grouji. 
This  was  prt'sumably  due  to  Ihe  small  number  of  students  of  that  age  examined. 


A<iE  I.V  YKAKS  (EAST 

BIKTIIBAY) 

17- 

IS 

19 

20+ 

AM,  AOKS 

l.’t.OO 

2S.71 

14.2S 

:t;t.r)i 

14.00 

:ti).o2 

14.0S 

:io.;t7 

14.12 

:t.i.4o 
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The  average  number  of  DMF  teeth  of  the  17-year-ol(l  students  was  13.0  and  in¬ 
creased  to  14.7  at  the  af?e  of  20  years.  The  number  of  tf)Oth  surfaees,  which  gives 
a  more  accurate  picture  of  caries  experience,  increased  from  an  average  of  28.7 
at  the  age  of  17  to  around  36.0  at  the  age  of  20  years. 

In  order  to  he  able  to  compare  these  data  with  the  findings  of  surveys  con¬ 
ducted  in  other  jiarts  of  the  country,  it  was  neces.sary  to  eliminate  the  carious 
lesions  detected  by  means  of  bite-wing  radiographs  which  have  contributed  to 
the  DMF  teeth  rates  reported.  Table  TII  shows  the  numbers  of  DMF'  teeth, 
exclusive  of  carious  lesions  detected  by  radiographs,  of  freshman  students  at 
Oiegon  State  College  as  compared  with  high  school  students  from  Hagerstown, 
Md.,  San  Francisco,  and  New  York  City.^  On  this  basis,  the  17-year-old  student 
at  Oregon  State  ('ollege  had  an  average  of  12.2  DMF  teeth  while  his  counterpart 
in  Hagerstown,  San  Francisco,  and  New  York  City  had  an  average  of  approxi¬ 
mately  8.0  DMF  teeth.  A  similar  dift'erence  was  also  observed  in  the  other  age 
groujis. 

Table  III 


CoMI'AKLSOX  OK  AVEK.\OE  XCMBER  OK  DMF  TEETH  PeR  PERSON  BY  SPECIKIEB  .XcE  GROI  PS  IN 

Orecon,*  Hagerstown,  Mil,  8an  Francisco,  and  New  A’ork  City 


1 

LOCALITY 

1  AGE  IN  YE.\RS  (LAST  BIRTHDAY) 

1  n  * 

18 

19 

20- 

Oregon 

12.24 

13.31 

13.93 

14.24 

JIagerstown,  Md. 

7.73 

8.72 

9.25 

San  Franeiseo 

777 

8.3 

Xew  York  City 

7.99 

8.ti9 

«.94 

-- 

•To  make  the  above  comparison,  it  was  necessary  to  tletermine  the  PMK  t»‘eth  exclusive 
of  the  carious  lesions  detecteil  by  posterior  bite-winp  ratlioRraphs. 


There  are  reports  in  the  literature*’  *  showing  that  girts  have  higher  dental 
caries  exiierience  rates  than  Imys  of  the  same  chronological  age.  This  is  also 
demonstrated  in  Table  IV.  The  582  freshman  students  were  divided  according 
to  sex  and  age  distribution,  and  their  D^IF  teeth  and  tmith  surfaces  were  calcu¬ 
lated.  It  is  evident  from  this  table  that  in  all  age  groups  the  dental  caries  ex¬ 
perience  of  the  women  was  higher  than  that  of  men.  This  dtH‘s  not  mean  that 
females  are  more  susceptible  to  the  disease  than  males.  It  has  been  shown'  that 
this  phenomenon  is  due  to  the  fact  that  the  teeth  of  girls  erupt  earlier  than  those 
of  boys  and  therefore  they  are  exposed  longm*  to  the  factoiN  which  intluence  the 
occurrence  of  the  disease. 

Tabi.e  IV 


XCMBER  OK  DMF  PER.MANENT  TeK.TH  AND  T<K>TII  SI’RKACKS  BY  .SCEI'IKIKD  .\(!E  AND  SK.\  GKOCI'S 
OK  5K2  Freshmen  Htcdents  at  Oregon  State  Ctn.i.EGE;  H.ates  .\re 
Expressed  Per  Stcdent 


• 

— 

-  - 

MEN 

— 

WOMEN 

-  - - 

— 

PERMANENT 

AGE  IN  YEARS 

(LAST  BIRTHDAY) 

Al.l. 

.\<iE  IN 

Y  EARS 

(LA.ST  birthday) 

ALL 

TEETH 

17-  IS 

19 

20+ 

AliES 

17- 

18 

19 

20+ 

-VGES 

I>MF  teeth 

13.00  14.07 

1.3..')! 

13.82 

13.1)0 

13.00 

14.45 

14.90 

15.00 

14.35 

DM  F  surfaces 

2S.23  32.88 

:{3.05 

32.30 

31.03 

29.00 

:u.oi 

37.43 

30.47 

34.23 

Table  V  givi's  a  picture  of  the  past  and  present  caries  experience  of  the  sub- 
.iects  by  spcn-ified  age  and  st‘x  groups.  ,\ll hough  women  experienced  higher 
DMF  tis'th  and  tmdli  surfaces  than  men  (as  it  was  shown  in  Table  IV),  their 
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Table  V 

Number  of  Filled  Teeth,  Extracted  Teeth,  Teeth  Requiring  Extraction,  and  Cavities 
Requiring  Filling  of  582  Freshman  Students  of  Oreckin  State  College.  Rates 
Are  Expressed  Per  Student  by  Specified  Age  and  Sex  Groups 


permanent!  age 

TEETH  ! 

MEN 

IN  YE.VRS  (LAST  BIRTHDAY) 
17-  18  19  20+ 

ALL 

AGES 

AGE  in 
17- 

YEARS 

18 

WOMEN 

(LAST  BIRTHDAY) 

19  20+ 

ALL 

AGES 

Filled 

8.77 

10.19 

10.56 

9.18 

9.68 

10.57 

11.71 

12.05 

11.73 

11.52 

Ext  raeted 

0.46 

0.66 

0.72 

1.82 

0.92 

0.43 

0.57 

1.18 

1.23 

0.85 

Requiring: 

extraction 

_ 

0.10 

0.05 

0.18 

0.08 

0.10 

0.03 

0.02 

0.10 

0.06 

Cavities  requiring 

filling 

7.46 

6.72 

5.13 

5.18 

6.12 

4.71 

5.11 

4.49 

4.37 

4.67 

nioiitlis.  nevertheless,  were  in  better  condition.  In  treneral,  tliey  Inul  fewer  niiss- 
ing  teetli,  fewer  teeth  requiriii"  extraction,  and  fewer  ojien  cavities  reijuirinjr 
fillinfr.  Tliis  is  rather  difficult  to  explain  on  the  basis  that  women  are  more  con- 
■  scions  of  the  sig:nifieance  of  dental  health.  Presiimahly,  it  is  because  women 

take  better  care  of  their  teeth  for  esthetic  reasons.  Klein  and  Palmer,®  after 
;  studying:  the  dental  status  of  school  children  of  forty  communities  in  New  Jei'sey, 

concluded  that  the  economic  status  of  the  community  in  which  the  children  lived 
did  not  affect  the  incidence  of  dental  caries,  hut  that,  on  the  other  hand,  it  influ¬ 
enced  the  amount  of  dental  service  friven  to  the  individual.  The  more  prosperous 
‘  the  community  was,  the  greater  the  amount  of  dental  care  received.  This  means 

I  that  more  teeth  are  saved  by  fillings  and  le.ss  are  neglected  to  such  an  extent  as 

to  require  extraction.  As  it  has  been  shown  in  Table  III,  the  high  school  chil- 

idren  in  Hagerstown,  !Md.,  had  a  lower  rate  of  1)]\IP  teeth  than  did  freshman 

Table  VI 

Number  of  Missing  Teeth  and  Teeth  Requiring  Extractions  Among  582  Freshman 
,  Students  at  Oregon  State  College  and  1841  High  School  Children  at  Hagers- 

I  town,  Md.  Rates  Are  Expressed  Per  Subject  by  Specified  Age  Groups 


PERMANENT  AGE  IN  YEARS  (LAST  BIRTHDAY) 

IXICALITY  TEETH  17  18  19  20+ 


i  Oregon 

Mis.sing 

0.45 

0.62 

1.53 

« 

Extraction  ind. 

0.05 

0.07 

0.14 

[  Hagerstown,  Md. 

Missing 

1.27 

1.80 

[ 

Extraction  ind. 

0.15 

0.21 

students  of  Oregon  State  College.  On  the  other  hand,  the  students  at  Oregon 
State  College  showed  fewer  teeth  missing  and  also  fewer  teeth  requiring  extrac¬ 
tion  than  their  counterparts  in  Hagerstown,  Md.^  (Table  VI).  This  difference 
can  probably  be  attributed  to  the  better  economic  status  of  the  families  from 

Table  VII 

Comparison  of  Cavities  Requiring  Filling  Detected  by  Means  of  Clinical  and  X-ray 
Examinations  of  582  Freshman  Students  at  Oregon  State  (’oi.i.ege;  Rates 
Are  Expressed  Per  Student 


• 

NUMBER 

NU.MBER 

PER  CENT 

TOTAL 

DETECTED  BY 

DETECTED  BY 

DETECTED  BY 

NUMBER 

EXPUjRER 

RADIOGRAPH 

RADIOGR.M*H 

5.50 

3.83 

1.67 

30.36 
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which  the  college  students  eoine.  At  the  same  time,  such  factors  as  l>etter  under¬ 
standing  of  the  importance  of  dental  health  and  l)etter  distribution  of  dentists 
throughout  the  state  may  have  influenced  it. 

From  i)revious  reports,®*’®  the  importance  of  including  radiographs  in  the 
dental  examination  as  a  diagnostic  t(K)l  for  the  detection  of  carious  lesions  has 
l)cen  demonstrated.  Table  VII  shows  the  total  number  of  cavities  per  student 
iwpiiring  filling  as  well  as  the  number  of  cavities  which  were  detected  by  ex¬ 
plorer  and  by  the  taking  of  posterior  bite-wing  radiographs.  On  the  average, 
there  are  5.5  cavities  per  student  requiring  filling.  Of  these,  3.8  were  found  by 
using  the  explorer  alone,  and  1.7  by  taking  posterior  bite-wing  radiographs.  In 
other  words,  30.4  per  cent  of  the  cavities  requiring  filling  would  have  been  missed 
if  posterior  bite-wing  radiographs  had  not  been  taken.  This  is  verj*  significant, 
although  the  number  of  caWties  which  could  be  mis.sed  if  bite- wing  radiographs 
are  not  included  in  the  examination  may  fluctuate  considerably,  depending  upon 
the  ability  of  the  examiner  as  well  as  the  time  devoted  for  each  examination. 

One  of  the  aims  of  this  study  was  an  attempt  to  find  variations  in  the  caries 
experience  of  students  coming  from  the  different  geographic  regions  of  the  State 
with  the  thought  of  further  local  investigation.  For  this  purpose  the  State  of 
Oregon  was  divided  into  six  geographic  areas :  Coast  region,  Willamette  Valley, 
Blue  Mountains,  Southern  Oregon,  Columbia  Basin,  and  Central  Oregon.  Sta¬ 
tistical  treatment  of  the  data*  revealed  that  the  students  from  the  Coast  region 
had  the  highest  and  that  those  from  the  Central  Oregon  region  had  the  lowest 
dental  caries  experience.  Based  on  this  information,  plans  have  been  made  for 
local  studies  of  the  faetoi*s  which  might  be  responsible  for  the  high  or  low  rate 
of  attack. 

SUMMARY 

Freshman  students  at  Oregon  State  College  were  given  a  dental  examina¬ 
tion,  including  posterior  bite-wing  radiographs,  and  the  following  items  of  inter¬ 
est  were  noted: 

The  dental  caries  experience  of  the  582  students,  as  compared  with  subjeets 
of  the  same  age  groups  examined  at  various  geographic  areas  of  the  country,  was 
considerably  higher. 

Female  students  showed  a  higher  rate  of  DMF  teeth  and  tooth  surfaces  than 
male  students. 

The  teeth  of  female  students  had  received  greater  dental  care. 

In  general,  the  students  at  Oregon  State  (^ollege,  although  they  had  a  high 
caries  experience,  showed  fewer  teeth  missing  and  fewei*  teeth  inquiring  extrac¬ 
tion  when  compared  with  subjects  from  other  .studies  in  which  lower  rates  of 
caries  experience  were  reported.  The  better  financial  status  of  the  families  from 
which  the  .students  come,  as  well  as  other  factors,  is  considered  as  an  explanation. 

The  value  of  bite-wing  radiographs  as  a  diagnostic  tool  for  the  <lett‘ctit>n  of 
carious  lesions  was  <lemonstrate«l. 

•.Appreciation  i.*'  expressed  to  Dr.  .leronie  l.i.  .V.s.^istaiit  i‘rofes.sor  of  Matlieinatii's,  DivKon 
State  College,  for  his  .suggestion  of  using  the  analysis  of  variance  in  the  treatment  of  the  data. 
-Appreciation  Is  also  expre.ssed  to  Miss  .June  H.  Sullivan  for  lu*r  teclinical  assistance. 
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(Jcographic  division  of  the  State  of  Oregon  into  six  areas  revealed  that  the 
students  from  the  Coast  Region  showed  the  highest  incidence  of  dental  caries 
and  that  those  coining  from  the  Central  Oregon  region  showed  the  lowest  inci¬ 
dence  of  dental  caries.  However,  from  these  data  it  cannot  be  assumed  that  this 
applies  to  the  general  populations  of  the  two  regions. 

Appreciation  is  expres.sed  to  Dr.  Margaret  L.  Fincke,  Heail  of  the  Department  of  Fowls 
and  Nutrition  at  Oregon  State  College,  to  Dean  Harold  J.  Noyes,  Dental  School,  University 
of  Oregon,  to  Dr.  O.  T.  Wherry,  nieniljer  of  the  Oregon  State  Board  of  Health,  and  to  Dr. 
E.  K.  Abl)ett,  representative  of  the  Oregon  State  Dcmtal  Association,  for  their  helpful  sug¬ 
gestions  and  criticisms. 
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FrRTIlKR  STri)I?:S  on  THP]  ASSiOCIATION  BETWEEN  THE 
PRODUCTS  OF  PROTEIN  PUTREFACTION  AND 
DENTAL  CARIES  ACTIVITY 

SAMUEL  DREIZEX,  D.D.S.,  AND  TOM  D.  SPIES,  M.D. 

From  the  Department  of  Xutrilion  and  Metabolism,  Xoithuestern  rniversity,  Chiea/io,  lit. 

The  existence  of  an  antithetic  relationship  between  dental  caries  and  perio¬ 
dontal  disease  has  been  i>ostulated  by  a  number  of  investifiators.  Ber*;  and 
eo-workers’  observed  that  “It  is  a  eoinmon  clinical  finding  that-  chronic  perio¬ 
dontitis  and  dental  caries  are  generally  antagonistic.”  Broderick,^  *  in  a  number 
of  papers,  stressed  the  presence  of  an  antagonism  between  dental  caries  and 
periodontal  disease.  In  support  of  this  contention  he  quoted  from  the  works  of 
Price,  Piekerill,  Raper,  Bibby,  and  Prinz,  and  attributed  the  antagonism  to  a 
generalized  condition  of  acidosis  and  alkalosis.^  In  his  studies  he  found  that 
dental  caries  predominated  in  the  presence  of  acidosis  and  that  periodontal 
disease  predominated  when  alkalosis  was  present.  While  the  systemic  aspect  of 
this  explanation  is  still  oi)en  to  question,  the  majority  of  the  investigations  deal¬ 
ing  with  this  subject  indicate  that  biochemically,  at  least,  dental  caries  results 
primarily  from  a  degradation  of  carbohydrates  by  acidogenic  organisms,  a  proc¬ 
ess  characterized  by  the  prcKluetion  of  acids,  whereas  periodontal  disea.se  is  the 
i-esult  of  a  proteolytic  action  in  which  ammonia  is  produced  and  which  is  alkaline 
in  nature.® 

In  a  i)revious  repoTt,  Dreizen  and  Sj)ies'‘  found  that  relatively  dilute  solu¬ 
tions  of  either  indole  or  indole-3-acetie  acid,  Iwth  produced  during  the  bacterial 
decomposition  of  tryptophane,  are  capable  of  interfering  with  acid  production 
in  the  saliva.  The  completeness  of  the  inhibition  was  dependent  upon  the  con¬ 
centrations  used.  In  addition,  the  growth  and  acid  production  of  a  pure  culture 
of  L.  acidophilus  (Hadley)  recoveied  from  a  carious  lesion  was  adversely  affected 
by  dilutions  as  high  as  1  ;4000  for  indole  and  1  ;2000  for  indole-3-aeetic  acid. 
These  and  various  clinical  findings  j)rovided  a  working  hypothesis  whereby  the 
relative  absence  of  dental  caries,  esj)ecially  of  the  snuMith-surface  type,  in  en¬ 
demic  pellagrins  and  persons  with  a.s.soeiated  chronic  nutritional  deficiencies 
could,  in  i)art,  be  attributed  to  the  products  of  protein  puti*efaction.  Extensive 
periodontal  disea.se  is  almost  invariably  seen  in  the  mouths  of  these  patients  when 
the  condition  of  nutritive  failure  is  of  long  standing.'  Smith  and  ^loore*  found 
that  i>eri(Klontal  disease  was  apimrent  in  every  pellagrin  examined  by  them  and 
offered  this  factor  as  a  jmssible  cause  of  the  disease.  Spies'*  stated  that  practically 
all  patients  with  sevei’c  pellagra  of  the  oral  cavity  have  “a  secondary  but  exten¬ 
sive  infection  with  Vincent’s  organisms.” 

Northwestern  University  Studies  in  Nutrition  at  the  Hillman  Hospital.  BirmiiiRham. 
Alabamu. 

The.se  studies  were  supported  by  grants  from  K.  K.  Squibb  &  Sons. 

KiH-elved  for  publication  March  I,  19-lS. 
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Fig.  1. — The  product.s  of  bacterial  action  on  tryptophane  (Bodansky). 
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Fig.  2. — The  products  of  bacterial  action  on  tyrosine  (Bodansk.v). 
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Fig.  .I. — The  products  of  bacterial  action  on  arginine  and  ornithine  (Kodunsky). 
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111  the  present  study,  skatole,  eresol,  phenol,  and  a  salt  of  putreseine 
(l,4-dianiinol)utane  dihydroehloride)  sing:ly  and  in  various  combinations  which 
included  indole  and  indole-3-acetie  acid  were  tested  for  (1)  their  properties  as 
inhibitors  of  acid  production  in  the  saliva,  and  (2)  their  effect  on  the  growth 
and  acid  production  of  a  pure  culture  of  the  L.  acidophilus  (Hadley)  recovered 
from  a  carious  lesion.  These  compounds  are  all  produced  during  the  bacterial 
breakdown  of  proteins  and  have  been  reported  as  being  present  in  the  saliva  of 
persons  with  periodontal  disease.’®  (Figs.  1,  2,  and  3.) 

M.\TERIALS  AND  METHODS 

The  criteria  for  the  selection  of  patients  were  as  follows:  (1)  the  presence 
of  ten  or  more  natural  occluding  teeth;  (2)  a  history  of  dental  caries  suscepti¬ 
bility  as  determined  from  a  clinical  examination  with  a  mouth  mirror,  exploring 
tine,  and  full-mouth  or  bite-wing  radiograms;  and  (3)  a  recent  presence  of  den¬ 
tal  caries  activity  as  indicated  by  the  I'esults  of  the  Hadley,”  Fosdick,  Hansen, 
and  Epple,”  and  Dreizen,  Hann,  Cline,  and  Spies”  laboratory  tests  for  dental 
caries  activity. 

The  effect  of  the  test  compounds  was  determined  on  a  total  of  158  samples 
of  ])araflfin-stimulated  saliva  submitted  by  seventy-three  patients  and  twelve  of 
the  clinic  personnel.  The  samples  were  colleeted  in  sterile  flasks  between  8  a.m. 
and  10  A.M.  The  chemical  test  for  caries  susceptibility  of  Fosdick,  and  as.so- 
ciates”  was  chosen  to  demonstrate  the  action  of  the  test  compounds  singly  and  in 
various  combinations  on  acid  production  in  the  siiliva.  The  metluKl  has  been 
describeil  in  detail  in  an  earlier  publication.® 

The  effect  of  the  test  compounds,  singly  and  in  various  combinations,  on 
the  growth  and  acid  production  of  the  oral  lactobacilli  was  determined  by  the 
list'  of  a  pure  culture  of  the  L.  acidophilus  (Hadley)  provided  by  the  American 
Type  Culture  Collection  (ATCC  No.  4646).  The  manner  of  the  pivparation  of 
the  inoculum  and  of  the  yeast  extract  dextrose  broth  which  served  as  the  special 
medium  has  also  been  presented  in  full  in  the  previous  article.®  Crowth  was 
determined  by  centrifuging  the  cultures  in  Hopkins  vaccine  tubes  for  ten 
minutes  at  high  speed  and  then  immediately  measuring  the  i>acktHl  cell  volume. 
Acid  production  was  determined  by  titration  of  the  centrifugate  with  0.1  N 
NaOH  to  the  pH  of  the  control  tubes  for  which  a  Beckman  pH  meter  was  em¬ 
ployed.  Each  series  was  set  up  in  triplicate  and  readings  were  taken  at  the 
end  of  twenty-four,  forty-eight,  and  seventy-two  houi’s. 

OBSERVATIONS 

The  Action  of  the  Test  Compounds  on  Acid  Production  in  Saliva 

A  compilation  of  the  results  obtained  when  skatole  was  added  to  the  saliva 
samples  in  vitro  is  presented  in  Fig.  4.  The  amounts  of  skatole  which  wei'c 
added  ranged  from  1.0  mg.  to  7.5  mg.  jier  10  c.c.  of  saliva.  Acitl  ]>roduction 
was  inhibited  either  completely  or  jiartially  in  thirty  of  the  thirty-one  samples  in 
which  dental  caries  activity  was  observed  in  the  control  aliquot.  As  expected, 
thirteen  samples  which  were  negative  for  acid  pi-oduction  rmnained  so  .following 
the  addition  of  the  skatole.  Skatole  was  significantly  effective  as  an  inhibitor  of 
acid  production  in  amounts  of  4.0  mg.  and  abt)vc. 


tFFECT  OF  THE  ADDITION  OF  VABIOUJ  AMOUNTJ  (1>F  ^KATOl£ 
ON  ACID  PCODUCTION  IN  THE  JALIVA 


mg.  '  10  cc  3oliva 

•  WITHOUT  JICATOLE 
K  WITH  J^ICATOLE  * 

Fig.  4. — The  sample  numbers  are  arranged  in  the  order  of  decreasing  activity  in  the  con¬ 
trol  aliquot  and  not  in  the  order  in  which  the  samples  were  collected.  Skatole  in  the  amounts 
u.«e<l  inhibited  acid  production  in  saliva  partially  or  completely  in  thirty  of  the  thirty-one 
samples  in  which  dental  caries  activity  was  obser\-ed  in  the  control  aliquot. 


EFFECT  OF  THE  ADDITION  OF  VAB  lOUJ  AMOUNTJ  OF  PHENOL 
ON  ACID  PRODUCTION  IN  THE  JALIVA 


Conc«ntrotion  of  Phenol  7-5  mg.  iO.Omg.  12  O  mo 

mg  /  lOcc.  Jolivo 


•  WITHOUT  PHENOL 

*  with  phenol 


Fig.  — The  sample  numbers  are  arranged  in  the  order  of  decreasing  activity  in  the  con¬ 
trol  aliquot  and  not  in  the  order  in  which  the  samples  were  collected.  Phenol  in  the  amounts 
used  partially  or  completely  inhibited  acid  production  in  sixteen  of  the  seventeen  samples  in 
which  the  control  aliquot  was  caries  active. 
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Plienol  was  added  to  twenty  samples  of  saliva  in  amounts  ranging  from  7.5 
to  12.0  milligrams.  The  results  are  depicted  in  Fig.  5  where  it  will  be  noted  that 
acid  ])roduc*tion  was  completely  or  partially  inhibited  in  sixteen  of  the  .seventeen 
samples  in  which  the  control  aliquot  proved  to  he  caries  active.  Three  samples 
were  negative  and  remained  so  following  the  addition  of  phenol.  The  most  effec¬ 
tive  concentration  of  phenol  of  those  used  in  this  study  as  an  inhibitor  of  acid 
production  in  saliva  was  12.0  mg.  per  10  c.e.  of  saliva. 

Orthocresol  and  paraciesol  were  added  to  twenty-eight  and  sixteen  samples 
of  saliva,  respectively.  Orthocresol  was  added  in  the  amounts  of  0.005  c.e.  to 
three  samples  and  0.01  c.e.  to  twenty-five  samples.  Paracresol  was  added  in  0.01 
c.c.  amounts  to  sixteen  samifies.  In  the  amounts  used,  both  orthocresol  and 
paracresol  inhibited  acid  production  to  some  extent  in  all  of  the  twenty  and  nine 
instances,  respectively,  in  which  caries  activity  was  ]3resent  in  the  control  ali<iuot. 
The  remaining  samples  were  negative  and  remained  so  following  the  addition  of 
crcsol.  These  findings  are  shown  in  Fig.  6. 
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EFFECT  OF  THE  AOOITtON 
OF  VABIOOJ  AMOUNTS  OF  ORTHOCREiOL 
ON  ACID  PRODUCTION 
IN  THE  JALIVA 
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EFFECT  OF  THE  ADDITION 
OF  PaRACREJOL 
ON  ACID  PRODUCTION 
IN  THE  .SALIVA 


!  i  j  ll 


-H- 


i  *  ! 


iipT- 

i  I  j  i  j  t 


JAMPLf  NOMftIft 


iVw  *  *  S ! 


WITHOUT  CRESOL 
WITH  CREJOL 


Fig.  C. — The  sample  numbers  are  arrangeil  in  the  oriler  of  decreasing  activity  in  the  con¬ 
trol  aliquot  anil  not  in  the  order  in  which  the  samples  were  collected.  Orthocresol  and  para¬ 
cresol  in  the  amounts  u.sed  partially  or  completely  inhibited  acid  production  in  all  of  the 
twenty-nine  samples  in  which  caries  activity  was  present  in  the  control  aliquot. 


Fig.  7  demonstrates  the  results  obtained  when  the  dibydriK-hloride  salt  of 
piitrcsciiic  ( l,4-diiimiiiot)utanc  dihydrochloridc)  was  adtlcd  to  ten  samiiles  of 
saliva.  There  was  total  or  jiartial  inhibition  of  acid  priKluction  in  all  of  the 
samples  in  which  the  control  aliquots  were  positive  for  caries  activity.  Four 
samples  were  negative  and  remained  so  following  the  addition  of  1,4-diamino- 
biitane  dihydroehloride. 
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The  results  of  addin*;  various  mixtures  of  the  uroduets  of  protein  putre- 
faetion  to  the  saliva  ean  be  seen  in  Fig.  8.  Mixtures  were  added  to  forty  saliva 
saini>les.  In  all  but  one  of  the  thirty-four  samples  in  whieh  the  eontrol  aliquot 
showed  earies  aetivity,  acid  produetion  was  wholly  or  partially  inhibited.  Six 
samples  were  negative  and  remained  so  following  the  addition  of  the  various 
mixtures.  A  very  eflFeetive  eombination  eonsisted  of  2  mg.  indole,  2  mg.  indole- 
3-aeetie  acid,  and  2  mg.  skatole. 


EFFECT  OF  THE  ADDITION  OF  VARIOU5  AMOUNTS 
OF  1.4  -  Dl  AMINOBUTANE  D  I  H  V  D  ROCH  LOR  IDE 
ON  ACID  PRODUCTION  IN  THE  JALIVA 


Cooccntrotion  of  J  S  019.  lO  O  m9. 

4 'Diominobutooe  O'h^drochloride 
m9  /  to  cc  Joli  vQ 

Ki»?.  7. — The  .sample  numbers  are  arraiiKeil  in  the. order  of  decreasing  activity  in  tlie  con¬ 
trol  aliquot  and  not  in  the  order  in  which  the  .sampies  were  collected.  1,-1-dlaminobutane  dl- 
hydr<x.-hlorlde  in  the  amounts  ustnl  partially  or  completely  inhibited  acid  production  In  all  six 
of  tin-  samples  in  which  the  control  aliquot  was  positive  for  caries  activity. 


The  Action  of  the  Test  ('om pounds  on  the  (irowth  and  Acid  Production  of  the 
Lactobacillus  Acidophilus  (lladleif) 

The  results  of  the  addition  of  the  test  eompounds  in  various  amounts,  singly 
and  in  eombination,  on  the  growth  and  aeid  pKnluetion  of  a  pure  eulture  of  a 
strain  of  the  />.  acidophilus  reeovered  from  a  various  lesion  are  presented  in 
Tables  I  and  II.  The  medium  used  was  yeast  extraet  dextrose  broth,  the  incuba¬ 
tion  temperature  37°  ('.,  and  the  ineubation  iieriods  twenty-four,  forty-eight, 
and  seventy-two  hours.*  It  will  be  noted  that  skatole  in  amounts  of  4.0  mg. 
and  over  eonijiletely  inhibited  the  growth  and  aeid  produetion  of  the  test 
organism  throughout  the  experimental  jieriod.  Amounts  ranging  from  1.0  to 

•Tlic  flrst  rcadlriKS  <»f  the  tubes  containing  phenol  and  1.4-dlamiiiobutane  dlhydrochlorlde 
w  re  made  at  the  end  of  thirty-six  hours. 
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Table  I 

Ekeect  ok  Skatole,  Cresol  (Ortho-  and  Para-),  l,4-Di.\MixoBrTANE  Dihybrck  hloribe;,  axo 
Phenol  ox  the  Growth  axi>  Ant)  Prodittiox  ok  the  LArTOBAciLn  s 
AciDOPHiLrs  (Haih.ey) 


GROWTH 

(I’ArKEI)  CELL 

VOLfME*) 

ACID  PRODfCTIOX  (C.C. 

0. lx  NaOH 

TIBE 

24  HOI  RS 

1  48  IH)I  RS 

72  HOI  RS 

24  HOI  RS  1 

48  HOIRS 

1  72  HOI  RS 

Skntolf 

Control 

+  +  + 

+  +  + 

0.40 

4.40 

4.00 

1.0  niK- 

+  + 

-K  -K  -K 

-K  -»■  -t- 

0.40 

1.08 

4.25 

1.0  mu. 

-)■  -1-  -K 

+  + 

0.05 

.1.10 

1.80 

2.0  m>r. 

+  +  + 

0.01 

1.77 

2.75 

2..')  m«. 

+ 

+  + 

+  +  + 

0.10 

1.10 

2.75 

.1.0  mj:. 

- 

- 

0.00 

0.00 

0.00 

4.0  mu. 

- 

- 

- 

0.00 

0.00 

0.00 

5.0  mu. 

- 

- 

- 

0.00 

0.00 

0.00 

7.5  mji. 

- 

- 

- 

0.00 

0.00 

0.00 

(trthocr*  xo} 

Control 

+ 

+  +  + 

-K  -t-  -t- 

0.40 

1.85 

4.45 

1.05  niK. 

+ 

+  +  + 

+  +  + 

0.02 

1.00 

1..55 

2.10  nifr. 

- 

+  + 

+  +  + 

o.oo 

1..10 

.1.17 

.1.15  niK. 

- 

- 

+ 

0.00 

0.00 

1..50 

4.20  m>j. 

- 

- 

- 

0.00 

0.00 

0.00 

5.25  mg. 

- 

- 

- 

0.00 

0.00 

0.00 

t)..10  m(j. 

-  . 

- 

- 

0.00 

0.00 

0.00 

7..15  mg. 

- 

- 

- 

0.00 

0.00 

0.00 

Varacresn] 

Control 

+ 

+  +  + 

+  +  + 

0.58 

4.18 

4.40 

1.04  mg. 

+ 

+  +  + 

+  +  + 

0.10 

4.10 

4.10 

2.0S  mg. 

-1-  -)  -t- 

0.01 

1.11 

3.00 

.1.12  mg. 

- 

+  -t- 

-t-  -t- 

0.00 

1.08 

2.55 

4.10  mg. 

- 

+ 

+  -t- 

0.00 

1.00 

1.75 

5.20  mg. 

- 

+  -f 

0.00 

0.50 

1.50 

0.24  mg. 

- 

+ 

0.00 

0.45 

0.80 

7.28  mg. 

- 

- 

+ 

0.00 

0.10 

0.10 

Phrnol 

t'ontrol 

+  + 

+  +  + 

+  +  + 

1.00 1 

1.40 

4.40 

1.07  mg. 

+  + 

-K  -K 

+  +  + 

1.00 

1.20 

4.40 

2.14  mg. 

+  + 

-(-  +  -K 

-E  -K 

1.00 

1.40 

4.20 

.1.21  mg. 

+  -K 

-t- 

+  +  + 

2.40 

.1.50 

4.20 

4.28  mg. 

+ 

+  + 

+  + 

1.70 

1.50 

4.20 

inj'. 

+ 

+  + 

+  + 

1.70 

2.85 

1.1)0 

0.42  mg. 

+ 

+  + 

+  -t- 

1.50 

2.50 

1.1)0 

7.40  mg. 

+ 

+ 

+ 

1.40 

2.50 

1.50 

0.01  mg. 

± 

± 

■K 

1.00 

1.00 

2.70 

l,4-niaminohuton(  nihutinuhloridf 

Control 

+  -t-  + 

-K  -t-  -t- 

+  +  + 

1.40 1 

5.20 

5.20 

1.0  mg. 

+  +  + 

+  +  + 

1.45 

5.20 

5.2<» 

1.5  mg. 

+  +  + 

+  +  + 

+  +  + 

1.45 

5..10 

5.20 

2.0  mg. 

+  +  + 

+  +  + 

+  4-  + 

1.45 

.5.15 

5.10 

2.5  mg. 

+  +  + 

+  +  + 

+  +.+ 

1.00 

5.50 

5.10 

1.0  mg. 

+  +  + 

+  +  + 

+  -K  +  ■ 

1.40 

4.55 

5.20 

4.0  mg. 

+  -t-  + 

-f  -t-  + 

4-  +  + 

1.40 

4.80 

5.10 

5.0  mg. 

+  +  + 

+  +  + 

4-  4*  4- 

1.20 

4.70 

5.20 

0.0  mg. 

+  +  + 

+  +  + 

4-  4"  + 

1.50 

4.80 

5.10 

<•0  mg. 

+  +  + 

-K  +  -K 

4-  4-  + 

1.20 

4.70 

5.20 

10.0  mg. 

-1-  +  -K 

+  +  + 

4-  4-  4- 

1.20 

4.70 

5.10 

15.0  mg. 

+  +  + 

+  +  + 

3.25 

4.00 

5.10 

•0.0-0. 1  c.c.  - 
0.1-0.26  c.c.  ± 
0.25-0.5  C.C.  + 
0..V1.0  c.c.  + 

1. 0-2.0  c.c.  +  +  + 
t:«l-hour  rcniliriR. 
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Tabi.e  II 

Effect  of  V.vriovs  Combinations  of  the  Products  of  Protein  Putrefaction  on  the 
Growth  and  Acid  Production  of  the  Lactobacillus  Acidophilus  (Hadley) 


1  GROWTH 

(PACKED  CELL  VOLUME*) 

ACID  PRODUCTION 

(C.C. 

O.lN  NaOH) 

TUBE 

24  HOUR.S 

1  48  HOURS  1  72  HOURS 

.  24  HOURS  1  48 

HOURS 

1  72  HOURS 

Control 

+  4- 

+  +  +  +  +  + 

1.00 

4.15 

4.70 

Mixture  No.  1 

1.0  mg.  indole 

1.0  mg.  skatole 
1.0  mg.  phenol 

1.0  mg.  para- 
eresol 

+  +  + 

0.10 

2.35 

3.00 

Mixture  No.  2 

2.0  mg.  indole 

2.0  mg.  indole-o- 
acetic  acid 

2.0  mg.  skatole 

0.00 

0.00 

0.00 

Mixture  No.  .I 

2.5  mg.  indole 

2.5  mg.  indole-3- 
acetic  acid 

2.5  mg.  phenol 

+ 

+  +  4-1- 

0.20 

1.20 

1.50 

Mixture  No.  4 

1.5  mg.  indole 

1.5  mg.  indole-3- 
acetic  acid 

1.5  mg.  skatole 
1.5  mg.  phenol 

0.00 

0.00 

0.00 

Mixture  No.  5 

1.0  mg.  indole 

1.0  mg.  1.4-di- 
aminohutane 
dihydro¬ 
chloride 

1.0  mg.  skatole 
1.0  mg.  indole-.l- 
acetic  acid 

0.00 

0.00 

0.00 

•0.0-0. 1  c.c.  - 
0.1-0.25  c.c.  ± 

0.25-0.5  c.c.  + 

0.5-1. 0  c.c.  +  + 

1. 0-2.0  c.c.  +  +  + 

3.0  nifr.  exerteil  a  iiartial  inhibitory  effect,  the  degree  being  directly  propor¬ 
tional  to  the  amount  of  skatole  added.  Orthocresol  was  completely  effective 
in  amounts  of  4.20  mg.  and  above.  All  smaller  amounts  e.xerted  a  partial 
inhibitory  effect.  The  inhibitory  imwer  of  iiaracresol  was  limited  to  amounts 
of  2.08  mg.  and  above.  The  effect  in  all  in.stances  was  jiartial.  Phenol  was 
but  slightly  effective  in  (piantities  of  5.35  mg.  and  above.  A  .significant  partial 
inhibition  occurred  in  the  tubes  containing  9.63  milligrams.  The  salt  of  putres- 
cine,  1,4-diaminobutane  dihydrochloride,  when  used  in  amounts  ranging  from 
1.0  to  15.0  mg.  was  completely  ineffective  against  this  organism. 

Five  different  mixtures  were  added  to  determine  the  action  exerted  when 
small  quantities  of  the.se  compounds  were  used  in  combination.  Three  exerted 
a  complete  inhibitory  effect  and  two,  a  jiartial  one.  Mixtures  which  com¬ 
pletely  i>revented  the  growth  and  'acid  ]>roduction  of  the  test  organism  were 
fa)  2.0  nig.  indole,  2.t)  mg.  imlole-3-acelic  acid,  and  2.0  mg.  skatole;  (b)  1.5  mg. 
indole,  1.5  mg.  indole-3-acetlc  acid,  1.5  mg  skatole,  and  1.5  mg.  phenol;  (c)  1.0 
mg.  indole,  1.0  mg.  skatole,  1.0  mg.  indole-3-acetic  acid,  and  1.0  mg.  1,4-diamino¬ 
butane  dihydrochloride. 
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DISCUSSION 

The  results  of  these  in  vitro  studies  lend  support  to  the  working  hypothesis 
that  the  products  of  the  putrefaction  of  proteins  may  prevent  the  growth  of  the 
acidogenic  and  acidurie  organisms  associated  with  dental  caries  and  thereby  be 
responsible  for  a  lowered  incidence  of  dental  decay.  It  is  noteworthy  that  the 
action  of  these  compounds  appears  to  be  additive  since  they  were  more  effective 
as  inhibitors  of  acid  production  in  saliva  when  used  in  combination  than  when 
they  were  used  alone  in  the  same  amounts  by  weight.  For  example,  1  mg.  of 
skatole  was  not  verj’  effective  when  added  alone,  but  when  the  same  amount 
was  added  in  combination  with  1  mg.  indole,  1  mg.  phenol,  and  1  mg.  paracresol 
a  significant  decrease  in  acid  production  occurred  (Fig.  8). 

In  periodontal  disease  the  breakdown  of  the  supporting  tissues  of  the  tooth 
occurs  in  the  proximity  of  those  areas  on  the  tooth  surface  where  smooth-surface 
caries  is  initiated.  As  a  result  of  this  process,  indole,  indole-3-acetic  acid, 
skatole,  phenol,  eresol,  putrescine,  ammonia,  and  urea  may  be  produced.  Whether 
or  not  these  compounds  are  elaborated  in  vivo  in  amounts  sufficient  to  exert  the 
effects  demonstrated  in  these  in  vitro  studies  remains  to  be  determined.  It  is 
conceivable,  however,  that  in  chronic  periodontal  disease  mueh  smaller  concen¬ 
trations  may  exert  an  inhibitorj’  action  since  these  compounds  are  produced 
over  long  periods  of  time  near  the  sheltered  areas  of  the  teeth  where  the  diluent 
action  of  saliva  is  not  a  very  significant  factor. 


EFFECT  OF  THE  ADDITION  OF  VABIOUJ  MIXTUBEJ’ 
OF  THE  PBODUCTJ  OF  PBOTEIN  PUTBEFACTION 
ON  ACID  PBODUCTION  IN  THE  JALIVA 


Kik.  8. — The  aaiuple  numbers  are  arranjceil  in  the  oriier  of  deereasiiiK  activity  in  the 
control  aliquot  ami  not  in  the  ortier  in  which  the  samples  were  collected.  The  six  mixtures  of 
the  products  of  protein  putrefaction  in  the  amounts  u-sed  partially  or  completely  Inhibited  acid 
proiluction  in  thirty-three  of  the  thirty-four  samples  in  which  the  control  aliquot  was  positive 
for  carles  activity. 

Mixture  Number  Mixture  Number 


I.  1.0  mg.  Indole 

1.0  mg.  indole-3-acetlc  acid 
1.0  mg.  skatole 
1.0  mg.  phenol 

II.  1.5  mg.  indole 

1.5  mg.  liidole-3-acetlc  acid 

1.5  mg.  skatole 

III.  1.5  mg.  indole 

1.5  mg.  indole-3-ncetlc  acid 

1.5  mg.  skatole 

1.5  mg.  phenol 


IV.  2.0  mg.  indole 

2.0  mg.  indole-3-acetic  acid 
2.0  mg.  skatole 

V.  2.5  mg.  Indole 

2.5  mg.  inilole'3-acetlc  acid 

2.5  mg.  phenol 

VI.  1.0  mg.  indole 
1.0  mg.  skatole 
*  1.0  mg.  phenol 
1.0  mg.  paracresol 
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While  these  studies  liave  heeii  eonfined  to  the  eonijwunds  elaborated  duriii};: 
the  bacterial  deconi])ositioii  of  try))toi)hane  (indole,  skatole,  indole-3-acetic  acid), 
tyrosine  (cresol,  phenol),  and  ornithine  (putreseine),  it  is  of  interest  that  other 
investi^atoi’s  have  demonstrated  that  ammonia  and  urea  have  a  deterring  effect 
upon  the  process  of  dental  caries.  Jordan  and  Buirows*^  stated  that  ammonia 
is  almost  always  liberated  in  amino  acid  breakdown.  In  1935,  (Jrove  and  Grove'® 
reported  that  ammonia  is  an  immunizing  factor  in  dental  caries,  while  more 
recently  Kesel,  and  co-workers'®  found  that  the  development  of  ammonia  nitrogen 
in  the  oral  cavity  may  be  re.s]4onsible  for-  a  decreased  susceptibility  to  dental 
caries.  Urea,  in  addition  to  being  a  constituent  of  the  normal  mixed  saliva  of 
human  beings,"  is  produced  in  the  convei'sion  of  arginine  to  ornithine  liy  .some 
proteolytic  bacteria.'®  Stej^han'®  has  re])orted  that  urea  may  counteract  the 
influence  of  carbohydrates  on  the  pH  of  the  dental  i>laque.  When  urea  was 
em]floyed  as  a  dentifrice  it  resulted  in  a  decrease  in  the  incidence  of  new  lesions 
and  also  retarded  the  progre.ss  of  carious  lesions  already  present.®®  In  view  of 
these  findings  and  the  results  of  the  studies  reported  in  this  paper,  it  would 
appear  that  the  i>roducts  of  i)rotein  ])utrcfaction  may  play  a  significant  role  in 
lessening  the  susceptibility  to  dental  caries. 

SUMMARY  AND  CONCLUSIONS 

1.  Relatively  dilute  solutions  of  skatole,  phenol,  cresol,  and  a  salt  of  putres- 
cine  (1,4-diaminobutane  dihydrochloride)  partially  or  completely  inhibited  acid 
production  in  vitro  in  eighty-one  of  the  eighty-three  saliva  samples  in  which 
caries  activity  was  found  to  be  present  in  the  control  alicpiot. 

2.  Dilute  solutions  of  certain  mixtures  of  these  compounds,  together  with 
indole  and  indole-3-acetic  acid,  significantly  inhibited  acid  production  in  vitro 
in  all  but  one  of  the  thirty-four  saliva  samples  in  which  caries  activity  was 
present  in  the  control  alitpiots.  The  action  of  these  compounds  appears  to  be 
additive,  since  they  were  more  effective  as  inhibitors  of  acid  production  in  saliva 
when  used  in  combination  than  when  used  alone  in  the  same  amounts  by  weight. 

3.  When  added  in  relatively  small  amounts,  skatole,  phenol,  and  cresol, 
singly  and  in  various  combinations  with  a  dihydrochloride  salt  of  putreseine, 
indole,  and  indole-3-acetic  acid,  significantly  inhibited  the  growth  and  acid 
production  of  a  pure  culture  of  L.  acidophilus  (Hadley)  recovered  from  a 
carious  lesion. 

4.  These  findings  lend  further  supi)ort  to  the  working  hypothesis  that  the 
l)roducts  of  protein  ])Utrefaction  may  ])revent  the  growth  of  the  aciduric  and 
acidogenic  organisms  associated  with  dental  caries  and  thereby  offer  a  jjartial 
exj)lanation  of  the  loweied  incidence  of  dental  decay  associated  with  the  high 
])revalence  of  periodontal  di.sease  in  endemic  pellagrins  and  persons  with  as.so- 
ciated  chronic  nutritional  deficiency  diseases. 

We  !iro  indented  t(t  Miss  Thelma  Skinner  for  h(*r  aid  in  making  the  caries  activity 
determinations. 
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RESULTS  OF  A  THREE-YEAR  STUDY  OF  THE  EFFECTIVENESS  OF 
CARBOHYDRATE  RESTRICTION  IN  REDUCING  SALIVARY 
LACTOBACILLUS  COUNTS 

PAUL  C.  KITCHIN  AND  DOROTHY  PERMAR 
CoUfffe  of  Dentistry,  Ohio  State  Vnirersity,  Columbus,  Ohio 

Active  dental  caries  has  been  found  to  be  closely  correlated  with  the  con¬ 
sistent  piesence  of  large  numbers  of  laetohacilli  in  the  saliva;  and  con- 
vei'sely.  lack  of  caries  activity  is  correlated  with  few  or  no  oral  laetohacilli.^  ® 
In  cases  of  active  dental  caries,  an  effective  reduction  in  the  number  of  oral 
laetohacilli  will  be  followed  by  an  arrest  of  the  caries  activity.  This  reduction 
can  be  accomplished  by  the  elimination  of  sugar  and  restriction  of  starches  in 
the  diets  of  caries-active  individuals.^  ® 

On  the  basis  of  this  knowledge,  the  Univei-sity  of  Michigan  School  of  Den- 
ti.strA*  has  for  some  years  been  operating  a  Caries  Control  Laboratory  in  which 
salivary-  lactobacillus  counts  are  determined,  caries  activity  diagnoses  made,  and 
low  carbohydrate  diets  prescribed  for  caries-active  cases.  The  technical  pro¬ 
cedure  of  making  the  counts  and  the  diets  recommended  have  been  described 
by  Jay." 

In  October,  1944,  the  Ohio  State  University  College  of  Dentistry  opened  a 
Caries  Control  Laboratory  patterned  closely  after  the  Michigan  laboratory. 
The  technique  of  making  the  counts  has  been  kept  identical  with  that  of  Mich¬ 
igan,  so  that  the  re.sults  of  the  two  laboratories  should  be  comparable.  The 
diets  now  used  in  the  Ohio  laboratory  differ  from  the  Michigan  diets  in  that 
the  fat  content  is  lower  at  Ohio  State.  But  both  of  the  Plan  I  (basic)  diets 
re<iuire  a  complete  elimination  of  sugar  and  a  limiting  of  other  carbohydrates 
to  approximately  100  Gm.  daily.  Such  a  diet  excludes  bread,  potatoes,  and 
certain  fruits  and  vegetables  of  high  carbohydrate  content,  as  well  as  sugar, 
candy,  pastries,  and  sweet  drinks. 

A  patient  with  a  high  lactobacillus  count  (over  10,000  per  cubic  centimeter 
of  saliva)  is  diagnosed  as  caries-active.  Subsequent  to  repair  of  all  carious 
areas,  he  is  instructed  to  follow  the  Plan  I  diet  for  two  weeks.  Careful  adher- 
ence  to  this  low-carbohydrate  regimen  will  nearly  always  lead  to  a  drastic  reduc¬ 
tion  in  the  number  of  oral  lactobacilli.  At  the  end  of  two  weeks  of  the  Plan  I 
diet,  a  lactobacillus  count  is  made  and  the  ])atient  is  instructed  to  change  to 
Plan  11.  This  is  merely  the  addition  to  Plan  I  of  a  limited  amount  of  carbo- 
liy<lrates  in  the  form  of  bread,  potatoes,  and  an  increased  variety  of  vegetables 
and  fruits.  At  the  end  of  two  weeks  of  Plan  II,  another  salivarj'  lactobacillus 
detennination  is  made,  and  if  the  count  remains  low  the  patient  is  instructed  to 
prweed  to  Plan  HI.  This  consists  of  Plan  II  with  a  further  increase  in  carla)- 
hydrates  in  the  form  of  greater  variety  of  fruits  and  vegetabh's,  and  the  equiv¬ 
alent  of  one  teaspoonful  of  sugar  at  one  meal  a  day  if  desired.  The  Michigan 
laboratory  designates  “sugar  in  <h*sirable  amount  with  one  meal  a  day,“  but 

For  nine  rnonth«  of  the  operation  of  thin  laboratory  the  servieea  of  a  technical  assistant 
were  financed  by  the  Division  of  Dental  Hygiene,  Ohio  State  Department  of  Health. 

Received  for  publication  March  2,  1948. 
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sucli  iiistruclions  to  ])ati(‘nts  have  heon  found  by  us  to  lead,  in  some  eas«*s,  to 
iiijudieious  eoiisuinjRion  (»f  sugai-  with  an  aeeoin]mnyin«;  rise  in  the  nuinb<‘r  of 
oral  laetohaeilli.  After  a  two-week  i>eri<Ml  on  the  Plan  III  diet,  the  laetohaeillus 
count,  is  determined,  and  if  the  count  remains  low  the  i)atient  is  allowed  to  return 
to  a  nearly  unrestrieted  diet,  the  only  instnietions  being  to  keep  sugar  consump¬ 
tion  verj'  low  (Plan  IV). 

DATA 

Table  I  pn*sents  data  made  from  October,  1944,  to  November,  1947,  on  the 
salivary  laetohaeillus  counts  of  specimens  from  559  individuals.  With  the  excep¬ 
tion  of  a  small  number  of  patients  from  the  Dental  College  Clinic,  these  individ¬ 
uals  are  patients  of  private  dentists  scattered  throughout  Ohio  and  surrounding 
states.  Laboratory  reports  on  counts  were  sent  to  the  dentists,  and  diets  were 
prescribed  through  the  dentists. 


Table  I 

Effect  of  Dietary  Treat.ment  on  Lactobacillus  Counts  or  Patients  Treated  Through 
THE  Dental  Caries  Laboratory  of  Ohio  State  Unu'Ersity 


total 

NUMBER 

PATIENTS  WITH 

REDUCED 

LACTOBACILLUS 

COUNTS 

PATIENTS  WITH 
INCREASED 

IJ^CTOBACILLUS 

COUNTS 

NUMBER 

PER 

CENT 

NUMBER 

PER 

CENT 

I 


Total  number  of  individuals  559 

examined 

Low  counts;  dietary  treatment  137 

not  indicated 


High  counts;  dietary  treatment  206 
indicated  but  not  undertaken, 
or  not  yet  started 


High  counts;  dietary  treatment 

216 

216 

undertaken  and  Plan  I 

successfully  completed 

Completed  Plan  II 

192 

152 

80 

40 

20 

Completed  Plan  III 

138 

95 

69 

43 

31 

Completed  2  weeks  on  Plan  IV 

87 

57 

»>6 

30 

34 

3 

increased  counts, 

later  controlled 

Checked  after  3  months  on 

48 

29 

60 

19 

40 

increaseii  counts. 

Plan  IV 

later  controlled 

Checked  after  6  months  on 

24 

21 

88 

3 

12 

1 

increased  count. 

Plan  IV 

later  controlled 

Checked  after  1  year  on  Plan  IV 

8 

7 

88 

1 

12 

1 

increased  count. 

later  controlled 

Checked  after  2  years  on  Plan  IV 

1 

1 

100 

0 

0 

Of  the  559  examined,  137  were  found  to  Ik'  low  or  negative  for  lactoluieilli 
and  were  therefore  diagnosed  as  caries-inactive.  Thest*  individuals  were  not 
placed  on  a  diet. 

Of  the  total  number  examined,  422  were  caries  active  as  indicatevl  by  high 
laetohaeillus  counts  (over  10,(H>0  laetohaeilli  i>er  cubic  centimeter  of  sidiva)  and 
needed  dietary  treatment.  Of  this  number.  206  aiv  not  includeil  in  Table  1  Ih‘- 
cause  (1)  they  are  now  in  the  process  of  Plan  I,  or  (2)  they  faileil  to  retluee  the 
laetohaeillus  count  by  the  Plan  1  diet  and  diseontiiuuHl  tmitment,  or  (3)  they 
did  not  wish  to  attempt  dietary  treatment  for  ivasons  ranging  from  lack  of 
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iiiliTcsl  «»!•  liirk  <»r  \villiii”:n(},s.s  to  (♦(Mipcrjili*,  1o  inahility  to  (>l)taiii  r(“<iuiro<l  meat, 
(‘jrfrs,  and  other  hi^h  protein  IimhIs  rendered  unavailable  by  rationiiif;,  seareity, 
and  biyb  priees. 

Of  the  42*2  needin*;  the  treatment.  216  have  siieeessfully  eoinpleted  the  Plan 
I  diet  with  satisfactory  reduction  in  the  number  of  oral  lactobacilli.  A  few  of 
the  216  i>atients  dropped  treatment  .after  two  weeks  on  Plan  I.  A  number  are 
still  in  the  process  of  the  following  two  weeks  on  Plan  II  and  no  further  data 
are  available  for  them  at  this  time.  But  of  the  192  who  prof;res.sed  from  Plan  I 
and  have  so  far  completed  Plan  II,  152  (SO  per  cent)  maintained  low  counts  at 
the  end  of  two- week  periods;  forty  (*20  per  cent)  showed  increases  in  lacto- 
hacilli.  Of  the  15*2  who  successfully  completed  Plan  II,  138  have  completed 
Plan  III.  Of  these,  ninety-five  (64  per  cent)  retained  low  laetohacillus  counts 
at  the  end  of  two  weeks.  Forty-three  (31  per  cent)  showed  increased  counts. 

Of  the  ninety-five  patients  succes-sfully  finishiiifr  Plan  III,  eifrhty-seven  have 
been  on  Plan  IV  (the  diet  unrestricted  except  for  reducin«r  sufrar  to  a  minimum) 
for  at  least  two  weeks.  Of  these,  fifty-seven  (66  per  cent)  maintained  low’  counts; 
thirty  (34  i>er  cent)  showed  increases. 

Forty-eifrht  i)atients  who  successfully  completed  the  entire  dietary  treat¬ 
ment  have  been  examined  at  the  end  of  three  months  on  the  Plan  IV  diet.  Of 
these,  twenty-nine  (60  ])er  cent)  had  maintained  low’  laetohacillus  counts;  nine¬ 
teen  (40  per  cent)  had  increased  counts.  Of  twenty-four  examined  at  the  end 
of  six  months,  twenty-one  (88  per  cent)  had  low’  laetohacillus  counts;  three  (12 
per  cent)  had  increased  counts.  Of  eiffht  examined  at  the  end  of  one  year  on 
the  less  re.stricted  diet,  seven  had  retained  low’  counts;  one  had  increased.  The 
one  i>atient  checked  at  the  end  of  tw’o  yeai-s  on  the  less  restricted  diet  follow’ing 
the  coui-se  of  treatment  still  retains  a  low’  laetohacillus  count. 

DISCUSSION 

The  fijrures  •riven  in  Table  I  indicate  the  results  of  the  Ohio  State  University 
('aries  ('ontrol  Laboratory  in  its  dietary  treatment  for  reduciiifr  the  oral  lacto- 
bacillus  count  as  a  measure  in  the  control  of  dental  caries.  These  results  com- 
])are  favorably  with  those  •riven  by  day*  for  the  Michigan  laboratory.  The  per- 
centafres  under  the  column  “Patients  with  Reduced  Lactobacillus  (founts”  are 
slightly  lower  than  day’s.  The  authors  believe  that  this  diffei-enee  may  be  at 
lea.st  ])arlially  accounted  for  by  the  fact  that  duriiijr  the  entire  time  the  Ohio 
laboratory  has  been  in  operation  there  has  been  rationiiifr  or  scarcity,  and  very 
hi}rh  j)ri«'es  of  meat  and  other  foods  reipiired  on  tlie  low’  carbohyilrate  diet.  In 
a  numbci-  (jf  unsuccessful  cases  investifrated,  it  was  found  that  it  had  been 
virtually  impossible  to  adhere  strictly  to.  the  diet.  The  numbers  of  individuals 
checked  after  three  and  six  months,  and  one  ami  two  yearn  on  Plan  IV  w’ill 
increase*  as  time  }r<K's  on  and  more  patients  are  <‘xamined  after  lonjrer  intervals. 

It  should  be  noted  that  a  number  of  individuals  listed  in  the  table  as  bavin*; 
incieased  counts  aftei*  a  certain  length  of  time  had  subse(|uently  controlled 
counts  (  the  laetohacillus  count  reduceel)  by  resuming:  dietary  treatment. 

One  si};nificant  change  has  been  made  from  the  dietary  instructions  <;iven 
by  day  day*  ind'"'ited  that,  followin*H!:  a  course  of  dietary  treatment,  the  patient 
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is  ‘“allowed  to  return  t(»  an  entirely  nnrestrieted  <liet.’’  Individnals  aj)i)arently 
differ  in  their  ability  to  tolerate  snsjar  without  experieneinjr  an  inereased  laeto- 
baeillns  eonnt  after  <lietary  treatment.  Investijration  into  the  sniweqnent  diets 
of  individuals  who  have  eoin])leted  the  eoni’se  of  treatment  leads  the  authors  to 
believe  that  those  who  voluntarily  maintain  a  low-sntfar  diet  will  retain  a  low 
laetohaeillus  eount  over  a  longer  period  of  time  than  those  who  promptly  resume 
a  high-siiffar  diet.  Therefore,  rather  than  aflow  the  j)atient  to  return  to  an 
■‘entirely  nnrestrieted”  diet,  it  is  reeommended  that  the  snjrar  intake  In*  held 
to  a  very  small  amount. 

Our  fit?ures  for  patients  whose  laetohaeillus  eounts  were  eheeked  after  one 
and  two  years  are  too  small  to  >;ive  the  pereentajjes  any  sijrnifieanee. 

SrMMARY 

t)f  speeimens  from  hf)*)  individuals  examined  for  aetive  dental  earies  as  in- 
dieated  by  eounts  of  oral  laetohaeilli,  137  individuals  were  found  to  Ik*  earies 
inaetive,  and  42*2  earies  aetive.  Of  the  earies-aetive,  216  sueeessfully  eompletetl 
Plan  I  of  the  dietary  treatment.  Of  th(*se,  138  have  so  far  eompleted  the  eourst* 
of  treatment  ninety-five  of  the.se  finishinjf  with  low  laetohaeillus  eounts.  Twenty- 
four  of  the  ninety-five  had  been  examined  .six  months  later,  and  twenty-one  had 
retained  low  eounts.  Kijrht  of  these  twenty-one  had  been  examinetl  after  one 
year  following  treatment,  and  seven  of  these  had  retained  low  eounts.  One 
individual  was  examined  after  two  years  following  dietary  treatment  and  the 
eount  was  low.  These  residts  eomj)are  favorably  with  thf)se  reeently  pn*sented 
by  Jay. 


The  authors  wisli  to  express  appreciation  to  Betty  Miller  Forsythe  for  te<*hni<*al  a.s'sist- 
ance,  and  to  l)r.  H.  B.  G.  Robinson  for  numerous  consultations. 
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A  STUDY  OF  THE  PHOSPHATE  SOLUBILITY  OF  THE 
HUMAN  ENAMEL  SUKP’ACE 

FINN  BKUDEVOLD 
Tufts  College  Dental  School,  Boston,  Mass. 

The  solubility  of  the  enamel  has  been  the  subject  of  a  considerable  number 
of  investigations.  These  have  been  extensively  reviewed  in  an  earlier  pub¬ 
lication.^  Previous  measurements  of  the  solubility  of  the  enamel  surface  have 
generally  made  use  of  methods  which  involve  decalcification  of  a  considerable 
thickness  of  the  enamel  surface.  Hcad^  approached  this  problem  by  devising 
a  machine  which  would  measure  within  0.1  micron  how  far  a  given  force  may 
drive  a  standard  plunger  into  sound  and  partly  decalcified  enamel.  However, 
intact  enamel  surfaces  could  not  be  tested  on  this  machine  since  readings  could 
be  taken  only  on  surfaces  that  had  been  ground  to  a  plane.  Later,  PickerilP 
and  Dobbs*  employed  sharp  instruments  and  judged  roughly  the  softening  or 
decalcification  from  the  amount  of  enamel  which  could  be  scratched  off.  !More 
recently,  Hoff  and  Kpszeg-’  investigated  the  solubility  of  certain  areas  of  the 
enamel  surface  with  an  apparatus  similar  to  that  of  Head.  However,  the  technic 
they  utilized  was  accurate  only  to  within  3  to  4  microns. 

These  methods,  and  gravimetric  procedures  used  by  PickerilP  and  Thurlow 
and  Bunzell,^  have  insufficient  sensitivity  to  be  applicable  to  the  problem  which 
we  wished  to  investigate.  Our  puri)ose  was  to  study  the  factoi’s  affecting  the 
superficial  solubility  of  a  imrtion  of  the  enamel  surface  of  a  single  tooth. 

Phosphorus  is  one  of  the  principal  components  of  the  enamel,  comprising 
17  to  18  per  cent  of  the  inorganic  matter.  Even  a  slight  decalcification  of  the 
enamel  surface  should  cause  ])hosphate  to  go  into  solution.  Our  method  for 
measuring  surface  solubility  is  based  on  one  of  the  very  sensitive  methods 
available  for  the  determination  of  phosphate.  Whether  the  ratio  of  calcium 
and  i)hosphorus  in  solution  will  be  the  same  as  that  in  enamel  cannot  be  an¬ 
swered  at  present.  In  decalcifieation  of  powdered  enamel  Benedict  and  Kanthak* 
observed  that  the  Ca/P  ratio  in  solution  at  first  was  higher  than  in  the  enamel. 
Later  it  became  identical  with  enamel.  I'ndoubtedly,  a  more  complete  evalua¬ 
tion  of  the  decalcifieation  process  could  be  attained  with  a  combined  determina¬ 
tion  of  Ca  and  P  than  of  P  alone.  Our  data  are,  therefore,  presented  with  the 
hope  that  a  more  comprehensive  chemical  study  may  be  added  later. 

METHOD 

In  order  to  assure  a  standard  area  for  the  test,  a  disc  of  tin  foil,  4  mm.  in 
diameter  and  0.070  mm.  thick,  was  made  with  a  puncher  and  adapted  to  the 
surface  of  the  tooth  to  be  tested.  While  the  tooth  was  observed  under  a  micro¬ 
scope,  blue  inlay  wax  was  melted  to  the  edges  of  the  foil,  and  the  entire  tooth 
was  covered  with  wax.  The  tin  foil  was  (piickly  removed  with  a  ])iece  of  heated 
gutta-percha  attached  to  a  hand  instrument.  Windows  prepared  by  this  tech- 

This  work  was  partly  supported  by  a  grant  from  the  American  Chicle  Company. 
Received  for  publication  Jan.  21,  1948. 
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nic  could  be  made  on  reasonably  curved  surfaces  as  well  as  on  flat  surfaces. 
Whenever  more  than  one  area  was  tested  on  the  same  tooth,  the  other  areas  were 
])i’otected  with  tin  foil  before  the  crown  was  coveied  with  wax  in  order  to  ])revent 
contamination  of  the  surface  to  be  used  later.  A  wax  base  was  added  to  the 
tooth  in  order  to  keep  the  window  facing  ui)ward  duriii"  the  i)eriod  of  decal¬ 
cification. 

The  waxed  tooth  was  jflaced  in  a  cylindrical  tube,  2.5  by  5.5  cm.,  which 
was  half  submer"ed  in  a  constant  temiH'rature  water  bath  at  37°  Centrifrrade. 
Tn  this  vessel  the  tooth  was  subjected  to  5  c.c.  of  0.2  molar  acetate  buffer  at 
])II  4  for  ten  minutes  with  constant  agitation  by  a  mechanical  stirrer.  After 
exposure  to  the  buffer,  the  tooth  was  removed  and  two  alicpiots  of  1.5  e.e.  of 
buffer  were  withdrawn  for  P  determination.  To  each  of  the  alicpiots  were 
added  2  c.c.  of  5  i)er  cent  trichloracetic  acid.  0.3  c.c.  of  ammonium  molybdate, 
and  0.3  c.c.  aminonaphtholsulfonic  acid  made  up  accordin*;  to  Hoflfmaius  modifi¬ 
cation  of  Fiske  and  Subbarow’s  method.®  The  solutions  were  mixed,  keiH  in 
darkness  for  ten  minutes,  and  then  their  lijiht  absorption  determined  with  a 
Ceneo  photelometer.  a  red  filter  beiii"  used.  The  values  were  read  from  a 
calibration  curve  which  was  drawn  daily  from  a  blank  and  on  two  known 
amounts  of  phosphorus.  This  method  was  cai>able  of  detecting  the  ]>hosphate 
content  of  samples  containing  six  micrograms  to  within  0.5  per  cent,  the  average 
deviation  of  ten  samples  being  1.2  per  cent. 

The  teeth  used  in  this  study  were  scrubbed  with  a  clean  toothbrush  after 
extraction  and  stored  in  a  humidor.  Although  storing  had  no  apparent  effect 
on  the  solubility,  we  attem])ted  to  finish  our  te.sts  within  a  week.  All  un- 
eru|)ted  teeth  included  in  the  study  were  fully  formed. 

Four  phases  of  the  surface  .solubility  problem  were  studied.  Initially, 
we  investigated  the  changes  in  solubility  of  a  single  area  during  reiHuited 
series  of  exjiosures.  Likewise,  the  variation  in  solubility  of  different  surfaces 
on  the  same  teeth  were  studied  along  with  a  com])arison  of  solubilities  of 
surfaces  of  different  teeth.  Finally,  we  have  eomi)ared  the  solubility  of 
natural  enamel  surfaces  and  those  that  have  been  specially  ground. 

RK.SrLTS 

A  single  solubility  test  removed  on  the  average  about  7  micrograms  of  i)ho.s- 
l)horus.  This  would  correspond  to  an  enamel  thickness  of  apiiroximately  1 
micron,  depending  upon  the  amount  of  calcium  which  is  also  dis.solved.  Ileuee. 
the  re]>eated  tests  on  intact  enar.'.el  surface  are  concerned  with  an  extremel.v 
sui)erficial  structure. 

The  left  side  of  Fig.  1  compares  four  consecutive  runs  on  thirty  areas  in 
twenty-three  permanent  teeth.  The  teeth  included  in  this  series  were  of  all 
types  and  from  patients  of  both  sexes,  ranging  in  age  from  IS  to  69  yeaiN.  The 
average  1*  values  in  gamma  for  the  four  runs  were  7.3,  9.4,  9.9.  and  10.2.  The 
increasing  values  of  the  averages  express  a  trend  which  was  consistent  for  the 
majority  of  the  teeth.  In  SO  per  cent  of  the  teeth  the  first  run  had  a  tower  value 
than  the  second  run,  and  in  S5  jH'r  cent  the  fii^st  run  had  a  tower  value  than  the 
third  and  the  fourth  runs.  The  significance  of  the  difference  between  the  first 
and  second  run  was  35  to  1,  between  first  and  third  it  was  195  to  1,  and  between 
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the  fii^st  ami  fourth,  '>16  to  1.  It  was  ealeulateil  hy  dividing  the  4lift‘ereiieo  of 
the  means  hy  the  standard  error  of  the  differenee  of  tlu*  means.  There  was 
usually  no  }rn*at  numerical  differenee  in  the  level  of  the  four  runs.  Thus,  if 
the  first  run  had  a  low  value,  as  a  rure  the  other  runs  also  had  low  values, 
indicatiiifr  that  the  i>lu)sj)hate  solubility  of  that  area  was  low  for  some  (listanee 
inward. 


A  few  uneruj»ted  teeth  were  also  .studied.  The  results  on  eifjht  areas  in 
four  unerupted  teeth  are  plotted  on  the  ritjht  side  of  Fi};.  1.  Here  the  increase 
in  phosphate  solubility  from  the  fii-st  to  the  fourth  run  is  not  so  striking.  The 
phosphate  solubility  increased  from  the  first  to  the  .second  run  in  75  per  cent 
of  the  surfaces,  but  the  siffnifieanee  of  the  differenee  was  only  3  to  1.  There 
was  no  difference  between  the  avera};es  of  the  first  and  third  run,  and  the 
siy:nifieanee  of  the  differenee  between  the  first  and  fourth  run  was  only  4.5  to  1. 

Soluhilitif  of  IHjf event  Areas  in  the  Same  Tooth: 

In  deealeifieation  of  teeth  for  histological  ])urposi*s  it  has  frequently  been 
observed  that  the  enamel  surface  of  erupted  teeth  dis.solves  ipieverdy.  Super¬ 
ficial  lesions  of  arrested  caries  have  been  found  relatively  resistant  to  acids,’” 
and  abrade»i  surfaces  are  more  soluble  than  intact  eriamel  surfaces.'*  Fi«r.  2 
shows  that  intact  surfaces  on  the  same  t(M)th  may  also  vary  in  solubility.  The 
maximum  pereentatje  differenee  in  solubility  is  plotted  for  each  of  thirteen 


J 


Vol.im*:7  IMIOSIMIATE  SOFXHILITY:  f:NAMKL  SI  KKACE  :}2:3 

Number  3 

erupted  and  seven  unerupted  teeth.  The  plotted  figures  were  arrived  at  by  the 
testing  of  two  or  more  areas  on  the  same  tooth  and  computing  of  the  maximum 
|H‘reentage  deviation  from  the  average  P  solubility  of  these  areas. 

In  all  cases  the  solubility  varied  from  one  area  to  another,  hut  the  variation 
was  small  in  the  majority  of  the  erupted  teeth.  The  unerupted  teeth  tended  to 
l)e  more  uneven  in  surface  solubility,  as  expres.sed  by  the  average  deviation  in 
P  solubility  which  was  2.8  gamma  (22.8  per  cent)  for  the  unerupted  teeth,  and 
1.0  gamma  (16.7  percent)  for  the  erupted  teeth. 


j 

Fig.  2. — I*iTct*iitage  difference  in  solubility  of  different  areas  on  the  same  tooth.  Two  ten-minute 

runs  ill  acetate  buffer  pH  4.0. 

All  areas  included  in  this  series  were  given  two  exposures  to  the  buffer. 
In  the  second  exposure  there  was  also  a  differtutce  in  the  solubility  from  one 
area  to  another,  but  there  was  no  relation  between  this  difference  and  the  dif¬ 
ference  found  between  the  same  areas  in  the  first  expasure.  This  further  sug¬ 
gests  incongruence  in  the  solubility  of  the  enamel  surface.  In  four  tet'th.  tt'sts 
were  repeated  four  times  on  different  areas.  The  variation  in  surface  solubility 
was  apparent  throughout  the  four  runs,  showing  again  that  the  variation  is  not 
strictly  superficial.  Buccal,  lingual,  and  proximal  surfaces  wert‘  includwl  in 
this  study.  Our  data  do  not  indicate  any  corndation  Indween  surface  solubility 
and  location  of  tooth  surfaces. 

Surface  Sohihilitji  of  Different  Teeth: 

The  variation  in  surface  solubility  among  different  ttrth  was  often  fouml 
to  be  greater  than  that  of  different  areas  of  the  same  tooth.  Rminls  wei-e  kepi 
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of  the  age  and  sex  of  the  individuals,  tlie  type  of  the  tooth,  surface  roughness, 
pigmentation,  caries,  and  fillings.  Except  for  age  and  pigmentation,  no  correla¬ 
tion  was  found  between  those  faetoi’s  and  surface  solubility.  Normal  surfaces 
on  carious  teeth  did  not  differ  from  surfaces  of  noncarious  teeth  in  solubility. 
Low  solubility  was  often  associated  with  a  dark  brown  stain,  but  the  correlation 
was  not  conclusive. 

In  Fig.  3  there  are  comparisons  of  the  P  solubility  among  deciduous  teeth, 
unerupted  pennanent  teeth,  and  emitted  permanent  teeth  from  persons  of  dif¬ 
ferent  age  groups.  Two  tests  were  made  on  thirteen  deciduous,  eleven  unerupted, 
and  fifty  erupted  teeth.  The  second  run  on  a  surface  averaged  higher  than  the 
first  run  for  all  groups,  and  the  variation  was  about  the  same  for  each  group 
as  the  standard  deviation  ranged  merely  from  3.r)  to  3.9. 


Kig.  3. — Two  consecutive  ten-iiiinute  runs  in  acetate  buffer  pH  4.0  on  tiio  same  window. 


Erupted  deciduous  enamel  has  a  solution  rate  rather  similar  to  unerupted 
permanent  enamel.  Erupted  permanent  teeth  are  about  two-thirds  as  soluble 
as  the  aforementioned  groujts,  indicating  that  there  is  a  posteruptive  decrease 
in  1*  solubility.  This  decrease  may  be  gradual,  since  teeth  from  pei-sons  20  to 
40  yeai-s  of  age  were  less  soluble  than  those  under  twenty.  Teeth  from  the  oldest 
group,  which  averaged  56  years  of  age,  api>eared  to  have  a  solubility  similar 
to  the  youngest  gioup  of  erupted  teeth.  The  mathematical  significance  of  these 
differences  has  not  been  tested,  but  it  seems  unlikely  that  the  differences  between 
deciduous  and  permanent  teeth  and  between  erupted  and  unerupte<l  teeth  are 
due  entirely  to  chance. 

Solabilitif  of  Jnttu  t  and  dround  Knumcl  Surface: 

Since  there  is  a  variation  in  the  surface  solubility  of  different  areas  on  the 
same  tooth,  a  comparison  of  the  solubility  of  the  intact  and  ground  enamel 
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surf}H'<‘  iimsl  1h>  niii<U*  in  Ilu‘  same  area,  invnlvin}^  as  far  as  jarssiMe  llie  same 
enamel  prisms.  Fif;.  4  shows  a  «l(‘viee  which  w»*  have  used  in  reprrwlnciiiK  the 
window  position  on  ground  surfaces. 


Tinfoil 

Dl3C 


e  — 

Compound 

Innpression 

Material 

FiK.  4. — Device  to  reproiluce  window  position. 

The  tooth  is  placed  in  soft  compound  in  the  desired  position  ami  in  such  a 
way  that  it  nuiy  be  replaced  in  the  same  position  at  will.  The  tin  foil  is  plaeeil 
in  the  movable  cylinder,  A,  which  has  the  same  diameter  as  the  tin  foil  and 
which  slides  U})  and  down  on  a  second  cylinder.  B,  which  is  connected  with  the 
tooth  throufih  a  hinjie.  The  cylinder  A  with  the  foil  is  brought  in  place  on  the 
tooth  surface  and  the  foil  is  retained  through  digital  in-essure  on  nnl  C.  Cylin¬ 
ders  A  and  B  may  now  be  lifted,  the  foil  adapted  to  the  ttmth  surface  and  wax 
melted  to  the  edges,  and  the  technic  described  earlier  followeil  thivugh. 

The  surface  was  ground  with  a  sandpaper  disk  and  polished  with  a  wet. 
felt  wheel  pumice  and  tin  oxide  until  the  surface  was  shiny  and  showed  no 
evidence  of  scratches  under  the  binocular  microscoi>e. 

Fig.  5  shows  the  results  of  two  consecutive  runs  on  intact  and  grouml  sur¬ 
faces  from  ten  cruptt'd  teeth  (24  to  bti  years  of  age^  and  tive  unerupttHl  tiH'th. 
The  P  solubility  of  the  ground  surface  was  eonsitlerably  greater  than  the  sidu- 
bility  of  the  intact  surface  in  all  cases  except  one.  Iti  six  of  the  erupted  twth 
the  same  area  was  ground  twice,  and  in  live  of  these  the  P  solubility  of  the 
second  ground  surface  was  greater  than  the  tirst  suggesting  that  the  solubility 
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of  tlie  onainel  increases  towaiil  the  dentino-enanu*!  jimelion.  We  did  not  control 
the  thickness  of  enamel  which  was  frround  away  and  wore  therefore  unahle  to 
evaluate  the  diflferenee  in  solubility  Indween  natural  and  jrround  surfaces  in 
different  teeth.  But  the  averafies  10.2  and  20.6  ^aininn  for  the  erunted  and  11.1 
and  24.0  for  the  unerupte<l  teeth  show  that  the  difference  is  pronounced  in  lx)th 
groups.  In  either  ease  the  significance  of  the  difference  was  calculated  to  l)e 
more  than  a  million  to  one. 


EffUPTCD  TtCTH 
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Fig.  Ti. — Cuinparative  nolubility  of  the  natural  enamel  surface  and  the  same  area  ground  and 
polishe<l.  Th’o  consecutive  ten-minute  runs  in  acetate  buffer  pH  4.0. 

There  was  a  considerable  variation  in  the  solubility  of  the  ground  surfaces 
in  flifferent  teeth.  This  difference  tende<l  to  l)e  more  marked  in  the  erupted 
teeth.  There  was  no  correlation  Indween  the  surface  solubility  and  the  solubility 
of  the  sultsurfaee  enamel. 

Another  consistent  difference  between  intact  and  ground  surfaces  was  dis¬ 
closed  by  the  two  rejieated  exposures  to  the  buffer.  Whert'as  the  first  exposure 
gave  a  lower  B  solubility  than  the  second  in  the  majority  of  the  intact  surfaces, 
the  first  exposure  of  the  ground  surfaces  gave  a  higher  P  solubility  than  the 
sf'cond  in  nineteen  of  twentv-one  cases. 


UISt’lJS.SIOX 

It  shoubl  be  emphasized  that  the  rate  of  apiiearance  of  phosphate  in  acid 
may  not  always  be  a  measure  of  the  solution  rate  of  the  enamel  from  which  the 
phosphate  is  derive<l.  In  a<ldition  to  phosphate,  the  enamel  contains  calcium, 
carlfonate,  and  magnesium  in  appreciable  percentages.'*  These  substances  may 
l>e  beached  out  by  the  buffer  at  rates  which  differ  from  that  of  the  phosphate. 
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For  vxjimpN*,  hyWroxvnpjililo  inijrlit  l)o  roiivntrd  t(»  mono-  or  ilirnlrinm  phos- 
j)h}it(‘  by  tlu‘  oqualion : 

HIlAo 

(l’<>4)2  •  (’a(<)ll)2  - >  HCallPO^  t  4(*aAc2  •  2H2() 

Tli(‘n  tlie  calcium  ]>bos])liorus  ratio  of  tbc  solution  will  dcpcml  upon  the  rate 
at  wliiclt  these  two  substances  dissolve  and  tlift'use  into  the  acid.  If  calcium 
acetate  alone  goes  into  solution,  im  phosphate  could  he  found.  The  same  would 
l)e  true  in  ease  carbonate  salts  dissolve.  If  calcium  acetate  and  calcium  phos¬ 
phates  dissolve  at  ))roper  rates,  calcium  and  jiliosphate  ions  would  appear  in 
solution  in  the  same  ratio  as  they  are  found  in  enamel;  under  these  circum¬ 
stances  the  i^hosphate  method  would  he  a  good  measure  of  the  solution  rate  of 
enamel.  If  dicalcium  phosphate  is  produced  during  a  first  test  and  is  not  all 
dissolved,  it  would  aceumulate  and  inerease  the  amount  of  phosphate  which 
appeared  during  the  seeond  test. 

This  hypothesis  may  explain  the  finding  that  acid  generally  dissolves  more 
phosphate  during  the'second  test  on  a  surfaee  than  it  •lid  during  the  first  test. 
It  might  also  he  true  that  the  outermost  layer  of  the  enamel  is  actually  less 
soluble  than  the  layer  immediately  underneath,  hut  the  final  answer  to  this 
•piestion  retpiiies  a  knowknlge  of  the  solution  rate  of  calcium  from  enamel.  In 
order  to  investigate  this  ipiestion  a  micromethod  for  calcium  is  l>eing  developeil 
and  some  information  on  the  calcium-to-phosphorus  ratio  of  solutions  of  surfaee 
enamel  may  he  presented  later. 

Our  data  tend  to  support  the  hypothesis  that  the  difference  ohsened  l)etween 
the  phosphate  solution  rate  of  erupted  and  unerupted  teeth  is  attributable  to 
organic  deposits  on  the  teeth.  Probably  it  is  not  relatetl  to  the  enamel  cutiele. 
for  (’base  found  that  this  structure  was  lost  soon  after  eruption.**  In  its  stead, 
there  ai>pearetl  an  organie  strueture  which  he  believed  was  of  baeterial  origin. 
This  api)eared  in  84  per  eent  of  the  teeth  which  he  examined.  It  may  l)e  coin¬ 
cidental  that  80  per  cent  of  the  erupted  teeth  whieh  I  studied  showed  a  lower 
soluhility  during  the  first  than  during  the  seeond  test,  or  it  may  l)e  an  intlieation 
of  a  transient  organie  membrane  on  the  surface  of  the  80  per  cent  showing  this 
phenomenon. 

Protein  i)la(iues  are  found  on  erupted  teeth  and  the  lowei-ed  sidubility  of 
the  intact  surfaces  has  been  eonsidered  due  to  their  presence  by  other  workers. 
Dobbs’*  observed  that  ground  surfaees  of  enamel  were  softeneil  mort‘  rapidly  by 
acids  than  intact  surfaces.  He  assumed  that  the  protective  coating  on  intact 
enamel  was  a  protein  because  it  could  be  removed  by  digi'stion  with  trypsin. 
He  observed  microscopically  that  decalcification  occurrt‘d  fii-st  on  the  crests  of 
the  imbrication  lines,  and  assumed  that  the  protein  in  the  gixH>ves  prevented 
decalcification  there.  If  protein  were  alwent  from  the  surface,  cracks  in  the 
enamel  and  surface  roughness  of  the  enamel  wtuihl  be  expeet»Hl  to  pixHluce  a 
higher  surface  soluhility.  Since  no  such  incirase  was  found,  it  seems  likely  that 
l>rotein  deposits  were  concerne<l  with  the  loweml  solubility  of  intact  enamel 
surfaces. 

A  i)osteruptive  reduction  in  the  s»>lubility  •»!  enamel  was  noted  by  PiekerilP 
and  Dobb.s.*  The  data  presented  here  substantiate  the  posteruptive  dix>p  in 


FINN  BKFDKVOLI) 


J.D.Res. 
June,  1948 


:V28 

soliiliility  1ml  also  sujrjrest  that  further  jrradual  chaufje  may  take  place.  Teeth 
fi-om  ])ers(ms  helween  20  and  40  yeai^s  of  aye  averayed  2')  ]>er  cent  less  in  surface 
solubility  than  teeth  from  persons  under  20  yeai's  of  aye.  This  r('duetion  may 
he  due  to  ehanyes  either  in  the  amount  or  nature  of  oryanie  deposit  or  in  the 
nature  of  the  inoryanie  sidt.  Solubility  may  ehanye  heeause  of  reaction  with 
fluoride'^  or  other  substances  which  have  been  shown  to  reduce  the  solubility 
of  powderetl  enamel.’^ 

PickerilP  believed  there  was  an  invei’se  relation  between  the  density  and 
hardness  of  the  enamel  and  the  rale  of  decaleifieation.  lie  divided  teeth  on  the 
basis  of  their  appearance  into  “sclerotic”  and  “malacotic”  types,  and  found 
that  “sclerotic”  enamel  was  denser,  harder,  but  less  soluble  in  acid  than  “mala- 
cotic”  enamel.  The  present  results  do  not  sui)i)ort  this  findiny,  for  no  relation 
was  found  between  the  ai>pearanoe  of  the  teeth  and  the  surface  solubility.  How¬ 
ever,  in  his  tests,  Pickerill  exposed  the  teeth  to  acids  for  periods  ranyiny  from 
twenty-four  hours  to  three  days,  after  which  time  a  considerable  thickness  of 
the  enamel  must  have  dissolved.  His  results  are  therefore  not  comparable  to 
the  data  pres€*nted  in  this  paper,  which  involve  the  superficial  structure  of  the 
enamel. 

This  same  difficulty  prevents  the  making  of  a  compari.son  between  the  acid 
solubility  of  the  immediate  surface  of  enamel  and  its  hardness  and  densit3\  The 
only  data  available  on  these  properties  in  the  literature  were  obtained  on  sub¬ 
surface  enamel.  The  present  data  on  the  subsurface  enamel  revealed  that  the  P 
solubility  increased  toward  the  dentino-enamel  junction.  This  is  in  ayreement 
with  l)obl>s**  findiny  that  acid  resistance  decreases  in  the  same  direction.  Karl- 
str0m^®  and  Hodye'"  found  that  the  hardness  was  yreatest  for  the  enamel  near 
the  external  surface  and  decreased  i)royressively  toward  the  dentino-enamel 
junction  and  Karl.strpm  found  a  similar  decrease  in  density.  When  these  results 
are  compared  with  the  present  findinys  it  appears  that  hardness  and  density  are 
inversely  related  to  acid  solubility.  It  is  possible  that  inner  enamel  is  .slightly 
more  porous  or  permeable  than  external  enamel,  and  the  greater  porosity  facili¬ 
tates  penetration  of  acid  and  discloses  itself  by  lowering  the  hardness  and  density. 

It  was  unexpected  to  discover  that  the  solubility  of  surface  enamel  bore  no 
relation  to  the  .solubility  of  the  enamel  underneath.  This  lack  of  correlation 
suggests  that  the  solubility  of  the  surface  depends  not  upon  the  original  struc¬ 
ture  of  the  enamel  as  it  was  laid  down,  but  ujxm  protein  deposits  or  chemical 
changes  which  were  acquii’ed  after  eruption  of  the  teeth. 

There  is  an  important  difference  between  the  results  of  our  findings  on 
intact  enamel  surfaces  and  those  by  other  workei-s  on  the  solubility  of  powdered 
enamel.  The  work  on  intact  surfaces  shows  an  increase  in  solubility  with  con¬ 
secutive  luns.  Kepeated  runs  on  ])owdered  enamel  showed  decreasing  .solu¬ 
bility.®*  This  saiiM!  i)henomenon  was  observed  for  the  yimind  surfaces  we 
tested.  Ai)parently,  this  phenomenon  is  a  characteristic  of  a  newly  ground  or 
prepared  surface  <jf  enai;.i*l.  Several  agents  have  been  tested  as  to  their  ability 
to  reduce  the  solubility  of  jtowdered  enamel. *'■'  In  view  <d‘  the  difference  l)etween 
the  solubility  proi)erlics  of  the  surface  and  the  subsurface  enamel,  it  w*ould  be  of 
interest  to  learn  whether  or  not  these  agents  also  affect  the  solubility  of  the  intact 
enamel  suiface.  For  examj)le,  lead  fluoride  was  found  to  be  more  effective  than 
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sodium  fluoride  in  redueins  tlie  solifl)ility  of  powdered  enamel,  but  when  it  was 
applied  lopieally  it  was  found  to  be  ineflfeetive  in  redueing  dental  earies.*®  Per¬ 
haps  this  discre])ancy  may  be  attributed  to  the  inability  of  the  lead  ion  to  reaet 
with  the  intaet  enamel  surfaee  in  the  Siime  manner  that  it  r(‘aets  with  powdered 
enamel  partieles. 

SUMMARY 

A  quantitative  method  for  the  estimation  of  the  phos))hate  solubility  of 
intaet  enamel  surfaee  has  been  develojM'd.  Windows  4  mm.  in  diameter  were 
exposed  to  the  action  of  5  c.e.  of  a  sodium  acetate  buffer,  pll  4,  for  the  perioel  of 
ten  minutes  each.  The  buffer,  eontainiii"  on  the  average  7  to  8  niiero"rams  of 
phosphate,  was  analyzed  by  the  Hoffman  modification  of  the  Fiske-Subbarow 
method. 

Variations  in  phosi)hate  solubility  were  found  from  area  to  area  on  the  same 
tooth  and  between  various  areas  on  different  teeth.  On  the  average,  deciduous 
and  unerupted  permanent  teeth  were  more  soluble  than  erupted  permanent  teeth. 
Ground  surfaces  were  more  soluble  than  intaet  enamel  surfaces  in  all  ea.ses.  The 
first  test  on  an  intaet  surfaee  avera{?ed  lower  in  solubility  than  the  second  test. 
The  reverse  was  true  for  ground  surfaces. 

The  author  wishes  to  acknowleilRe  his  indelaedness  to  Dr.  Richard  S.  Manly  for  numerous 
helpful  suggestions,  and  to  thank  Miss  Eleanor  .Jeffrey  for  carrying  out  many  of  the  phosphate 
determinations  and  Mr.  Erling  .Johansen  for  making  many  of  the  wax  windows. 
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INTKODl  (TORY  OBSERVATIONS  OF  THE  PERIODONTII  M 
OF  THE  SYRIAN  HAMSTER 


DAVID  F.  MITCHKLL* 

From  th(  Divitfion  of  IhvtnJ  liesearch  aniJ  the  Department  of  Patholofty,  The  rniversity  of 
Jiochenter  Hehool  of  Medicine  and  Dentintry,  Foehester,  N.  1'. 

PERIODONTAL  disease  has  been  observed  in  yoiui"  hamsters  raised  on  fine 
earies-pro<lucin^  diets  and  in  older  stock  animals.’’  ^  Since  ham.sters  appear 
to  be  highly  susceptible  to  ])eriodontal  disturbances  under  certain  laboratory 
conditions,  they  may  prove  to  be  u.seful  exi)erimental  animals  for  the  study  of 
this  disease. 

This  report  is  concerned  with  "ross  and  histolojiical  observations  of  the  ap- 
l)arently  normal  hamster  i^eriodontium,  and  jrross  and  microscopic  findings  in 
animals  with  obvious  periodontal  disease. 

METHODS 

In  order  to  study  the  normal  periodontium  of  the  hamster,  twenty-five 
animals  of  the  same  birth  date  and  of  near  sex  and  litter-mate  distribution 
were  raised  under  stock  conditions  on  laboratory’  chow  with  weekly  supplements 
and  on  bedding;  of  wood  shavinjjs.  They  were  sacrificed  five  at  a  time  at  approxi¬ 
mately  monthly  intervals  (with  the  c.xception  of  one  two-month  interval)  over 
a  five-month  jieriod.  Ajre  at  death  raiifred  from  two  to  seven  months,  (’elloidin 
sections’  were  ])repared  of  the  molar  teeth  in  mesiodistal,  buccolin«;ual,  and 
occlusal  ])lane-s.  In  addition,  the  jaws  of  eleven  random  animals  of  unkown 
history  were  studietl  histolofrically,  and  «;i’ass  observations  were  made  of  the 
jaws  of  many  animals  of  all  afies. 

OBSERVATIONS 

Grrxssly,  the  fiiiifiivae  of  the  normal  younjif  liviii};  adult  ajriiears  as  a  ledfje 
of  i)ink  adherent  tissue  ai’ound  the  teeth,  at  a  level  about  one-third  of  the 
heifrht  of  the  crown  above  the  cemento-enamel  junction.  It  can  be  stripped  with 
ease  with  the  aid  of  a  fine  explorer.  Under  mafjnifications  up  to  30  times  there  is 
no  discernible  departure  from  the  general  appearance  of  human  gingivae. 

StcK'k  animals  at  about  twenty-five  days  of  age  exhibit  varying  degrees  of 
accumulation  of  debris  and  inflammation  around  the  first  and  second  molar’s 
and  in  the  (unerupted)  third  molar  region.  By  about  the  thirty-fifth  day, 
the  thii’d  molar  has  comirletely  erujUed  and  gro.ss  evidence  of  inflammation  pres- 
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cut  ilnniij;  eruption,  has  dissippeared.  In  older  animals,  almve  one  year,  marked 
attrition  is  seen  with  aeeompanyin*;  <;in«j:ival  reeession  and  not  infrecpient  ex¬ 
posure  of  the  bifureations  of  the  multirooted  teeth. 

A  severe  type  of  periodontal  disease  (Fij;.  1)  is  found  amonfr  a  very  hi^h 
percentajje  of  the  older  animals  of  the  stoek  colony.  The  brown  material  which 
is  packed  into  the  deep  i)eriodontal  jmekets  and  alveoli  of  missinj;  teeth  appears 
to  consist  chiefly  of  eellulase  fibers  and  hair.  Old  ajje  seems  to  be  one  of  the  most 
eonstant  coexistent  factors  in  this  form  of  the  disease.  Dental  caries  is  rarely 
found  in  hamsters  maintained  on  this  dietary  regimen. 

Fi*?.  2  is  representative  of  the  bueeolinfjual  sections  of  the  maxilla  in  an 
animal  eifjht  weeks  of  af?e.  The  heifjht  of  the  "injfivae  and  the  absence  of  in¬ 
flammation  are  evidence  of  the  healthy,  normal  condition.  The  wide  pulp  canals 
are  indicative  of  the  immaturity  of  the  teeth. 


Fig.  1.  Fig.  2. 

Fig.  1. — Maxilla  of  old  stock  animal.  Destruction  of  palatal  gingivae,  with  exposure  of 
roots  aiul  buccal  displacement  of  upper  left  third  molar,  is  evident.  Pocket  around  upper  right 
.second  molar  is  filled  with  debris. 

Fig.  2. — Buccolingual  section  through  maxlllarj-  second  molars  of  a  young  female  (eight 
weeks).  Note  height  of  gingivae,  wide  pulp  canals,  and  apical  foramina.  (X--  orig.  magnifi¬ 
cation.  ) 


The  epithelial  attachment  (in  the  absence  of  local  pathosis)  on  the  buccal 
and  lingual  surfaces  of  all  the  molars,  and  on  the  mesial  of  the  firet,  and  the 
distal  of  the  third  is  represented  by  Fi^f.  3.  To  date  it  has  not  been  determined 
eoiielusively  whether  or  not  the  space  between  tbe  secondary  eutiele  and  the 
keratin  separatory  layer  represents  the  jiiiiffival  crevice.  This  “ereviee”  may 
he  the  “intraepithelial  fissure”  of  Weski*  and  Euler,®  an  artifact  of  histolojiie 
preparation  as  lielieved  by  Orban,®  or  the  jiliysiolo^c  crevice  as  considered  by 
Becks'  in  studies  of  man  and  animals  other  than  the  hamster.  The  condition 
pictured  was  found  in  most  of  the  sections  taken  fi-om  the  normal  ffin^ivae  of 
the  “non-eontactual”  surfaces  of  the  molai’s.  Fijj.  4  is  offered  as  illustration 
of  this  fact.  It  represents  the  findin^js  in  horizontal  sections  cut  parallel  to  the 
occlusal  plane.  Multiple  sections  in  this  and  other  [ilanes  indicate  that  the 
keratin  separatory  layer  does  not  extend  completely  through  the  interproximal 
region  of  the  gingivae.  In  general,  these  findings  are  similar  to  those  observa¬ 
tions  made  of  the  gingival  tissues  of  the  rat.® 

In  a  mesiodistal  section  of  the  mandibular  molars  of  a  12-week-old  female 
(Fig.  5),  a  normal  and  an  abnormal  interproximal  area  may  be  .seen.  Note  the 
near  vertical  axes  of  the  teeth  in  the  plane  of  this  si'ction.  The  periodontal 
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inenil)i‘ano,  alveolar  bone,  and  leetli  are  reasonably  eoniparable  to  the  same  struc¬ 
tures  in  the  lunnan  beiii". 

A  nuifrnitieation  of  the  ^liseased  area  shown  in  Fij;.  5  is  illustrated  in  Fij;.  (i. 
Accumulations  of  cellulose,  liair,  and  epithelial  and  intlammatory  cells  fill  the 
interproximal  area.  liiHammation  is  demonstrated  in  the'  underlying  tissues, 
and  resorption  of  the  alveolar  crest  of  bone  is  indicated  by  the  presence  of 
osteoclasts.  This  early  form  of  disease  was  rare  in  the  animals  under  seven 
montlis  of  age. 

Fig.  3. 


Fig.  3. — Epithelial  attachment  to  lingual  surface  of  upper  molar  of  eight-week-old  hamster. 
D,  Dentin;  E,  enamel  space;  C,  secondary  cuticle;  EA,  epithelial  attachment;  CR,  gingival 
crevice  (?);  K,  keratin  layer  continuous  witli  that  of  the  oral  epithelium;  and  prehyaline 
granules.  (X430  orlg.  magnification.) 

Fig.  4. — Interproximal  area.  Horizontal  section  in  cervical  region  of  two  maxillary 
molars.  Keratohyaline  layer  (A)  extends  toward  but  not  across  interproximal  gingivae. 
(XlOO  orig.  magnification.) 
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To  cheek  the  impression  that  the  method  of  housin"  in  the  presence  of  a 
soft  diet  seemed  to  influence  the  inception  and/or  course  of  periodontal  disease/ 
several  surveys  were  made.  When  hamsters  liave  been  sacrificed  in  this  labo¬ 
ratory  for  various  types  of  caries  studies,  the  jaws  have  been  carefully  examined 
for  the  ])rcsence  of  «:in‘;ival  lesions.  All  such  animals  received  a  cario^enie 
diet  over  periods  rangin'?  from  three  to  seven  months.  The  diets  varied  in  per- 
ccntasjc  content  of  certain  items,  hut  all  were  hi^li  in  carbohydrate  and  all  were 


Fig.  5. 


Fig.  «. 


Fig.  5. — Mesiudlstal  section  of  lower  molar.s  (12-weeks).  Fir.st  molar  at  left.  Normal 
gingivae  between  flr.st  and  second  molars,  and  beginning  di.sease  between  .second  and  third 
molar.s.  Note  height  of  alveolar  crests  of  bone,  width  of  i)eriodontal  membrane,  and  secondary 
••enientum.  (X22  orig.  magniflcation.) 

Fig.  ti. — Interproximal  area  of  destruction.  Note  accumulation  of  debris  and  under¬ 
lying  inflammation.  Osteoclasts  are  present  at  crest  of  alveolar  bone.  (XKH)  orig.  magniflca¬ 
tion.) 
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of  a  soft  ])o\vdery  consistency.*  As  considered,  the  animals  lieloiifjed  to  two 
groiiixs:  (1)  those  which  were  housed  with  shavings,  fifty-six  animals;  and  (2) 
those  which  were  housed  on  wire  screen  bottom  cages  (nominal  opening,  about, 
one-half  inch  square)  without  bedding,  sixty-six  animals. 

Examination  under  magnifications  up  to  x30  revealed  the  fact  that  there 
frequently  was  a  marked  accumulation  of  a  white,  caseous  material  which  re¬ 
sembled  soft  caleulus  in  the  gingival  crevices.  This  was  gros.sly  apparent  as  a 
broad  white-grey  line  around  the  necks  of  the  teeth.  (Jroup  I  animals  presented 
more  normal  gingivae  with  fewer  and  less  extensive  crevieular  deposits  than 
did  those  of  grouj)  II.  It  should  he  noted  that  the  animals  of  the  two  groups 
were  not  litter-mates,  nor  were  the  experimental  periods  of  identieal  length. 

Fig.  7  illustrates  the  microscopic  findings  in  sections  from  an  animal  raised 
under  these  general  conditions  without  bedding.  Masses  of  basophilic  material 
may  be  seen  in  periodontal  pockets,  with  underlying  inflammation  and  loss  of 
alveolar  bone. 


Fig.  7. — Buccolingual  .section  of  upper  second  molars  of  animal  with  induced  periodontal 
di.sease.  Note  accentuated  gingival  crevices  and  accumulation  of  basophilic  material  in  this 
area.  (Hematoxylin  and  eosin  stain,  X15  orig.  magnification.) 


DISCUSSION 

Considered  only  in  the  light  of  basie  principles,  a  comiiarison  between  the 
dentitions  of  the  human  being  and  the  hamster  becomes  reasonable,  as  far  as 
the  molars  are  concerned.  Eruption,  attrition,  caries,  periodontal  di.sease,  et 
cetera  are  processes  common  to  both  species,  and  the  fundamental  morphological 
characteristics  are  similar. 

It  appears  that  the  ineidence  of  that  form  of  periodontal  disea.se  eharacter- 
ized  by  subgingival  accumulations  of  hair  and  shavings  increases  with  age  in 
hamsters  maintained  under  stock  conditions.  In  only  a  few  isolated  in.stances 
were  localized  areas  of  inflammation  visible  grossly  in  the  animals  seven  months 
of  age  and  less. 

•Example:  Sucro.se  (4X  confectionery  sugar)  1.5  per  cent;  corn  starch.  20  per  cent;  whole 
powdere<i  milk,  30  per  cent;  whole  wheat  flour,  .30  per  cent;  alfalfa,  4  per  cent,  and  NaCi,  1  per 
cent. 
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The  etiolo}?ical  mechanism  involved  in  the  induced  type  of  {jin^ival  disease 
described  would  seem  to  be  associated  with  the  presence  of  a  fine-ground,  high- 
carhohydrate  diet.  Such  a  ration,  with  particular  reference  to  the  powdered 
milk  therein,  forms  a  sticky  paste  when  moistened.  This  characteristic  may  be 
of  significance  in  the  production  of  the  crevicular  deposits.  One  or  Imth  of 
the  following  factors  may  be  responsible  for  the  .seeming  increase  in  incidence 
among  those  animals  raised  on  the  screen  bottom  cages:  (1)  the  ab.sence  of 
wood  shavings,  which  the  animals  chew,  and  which  may  serv'e  as  a  gingival 
stimulator  or  dental  and  peridental  cleanser,  as  suggested  by  King®  with  re¬ 
gard  to  periodontal  lesion  production  in  the  ferret  and/or  (2)  the  inability  of 
the  animals  to  retain  all  their  feces  in  the  screen  bottom  cages,  and  thus  the 
partial  restriction  of  coprophagy,  which  may  result  in  some  nutritional  de¬ 
ficiency.*®  To  my  knowledge,  there  have  been  no  reports  on  this  subject  with 
reference  to  the  hamster.  Further  studies  are  in  progress. 

Perhaps  the  chief  significance  of  these  findings  rests  on  the  fact  that  a 
simple  means  of  inducing  periodontal  disease  in  large  numbers  of  young  ani¬ 
mals  is  at  hand.  This  set  of  conditions  and  the  resulting  predisposition  to 
disease  may  facilitate  the  study  of  local  and  systemic  factors  related  to  the 
etiology,  prevention,  and  therapy  of  various  forms  of  periodontal  disease. 

SUMMARY 

A  brief  description  is  given  of  the  normal  and  diseased  periodontium  of 
the  hamster.  A  form  of  periodontal  disease  common  among  aged  stock  animals 
and  weanlings  is  described,  and  a  set  of  conditions  which  appears  to  produce  a 
unhpie  type  of  disease  in  otherwise  normal  young  animals  is  discussed.  The 
hamster  is  recommended  as  a  tool  for  research  in  the  field  of  periodontia. 
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ELECTKOCIIKMICAL  IMPULSE  THEORY  OF  DENTAL  PAIN 

W.  E.  ANNIS 
Hock  ford,  Mich. 

There  are  many  observable  phenomena  associated  with  dental  i)ain  which 
may  be  exjilained  by  the  elect roc'hemical  theory  of  dental  pain.  This  theory 
is  a  collection  of  principles  intended  to  explain  clinical  observations  and,  also, 
why  and  how  pain  is  transmitted  throuj;h  a  tooth.  It  is  hoped  that  through 
application  of  the  principles  of  the  electrochemical  theory,  pain  produced  during 
cavity  preparation  may  be  eliminated.  Theories  that  have  been  presented  fail 
to  explain  the  transmission  of  pain  through  enamel  and  dentin,  for  instance, 
when  the  tooth  is  so  sensitive  that  the  slightest  touch  of  an  explorer  or  a  blast 
of  air  on  the  enamel  causes  pain. 

A  series  of  experiments  was  devised  in  development  of  the  electrochemical 
theory. 

EXPERIMENTAL 

1.  Cavities  were  drilled  into  a  tooth  on  two  sides.  Copper  wires  were 
cemented  into  the  cavities  and  the  ends  of  the  wires  were  attached  to  a 
galvanometer.  When  the  tooth  was  wetted  with  hydrochloric  acid,  it  acted  as  a 
battery,  the  galvanometer  needle  being  deflected  two  or  more  marks. 

2.  The  roots  were  cut  off  at  the  cervical  region  of  a  tooth  and  an  opening 
made  into  the  occlusal  surface  and  into  the  root  canal  with  a  560  cross-cut  fissure 
bur.  Copper  wires  were  inserted  into  the  holes  and  the  ends  of  the  wires 
attached  to  a  galvanometer.  When  the  tooth  was  wetted  with  eopper  sulfate 
solution,  the  galvanometer  indicator  was  deflected. 

3.  A  solution  for  wetting  the  tooth  was  made  of  table  salt  and  water,  and 
under  conditions  similar  to  those  in  the  first  two  experiments,  the  indicator  of  the 
galvanometer  was  deflected.  When  a  revolving  bur  was  placed  on  the  tooth,  in 
this  and  the  previous  experiments,  the  direction  of  deflection  was  reversed. 

4.  A  tooth  was  soaked  in  dilute  hydrochloric  acid  for  twenty-four  houre. 
The  tooth  surface  was  attached  to  the  galvanometer.  While  the  tooth  was  wet, 
the  indicator  deflected  a  few  degrees ;  after  drying,  only  a  fraction  of  a  degree. 
After  drying  for  one  hour,  the  crown  was  cut  off  and  a  hole  cut  through  the 
occlusal  to  the  dentin.  When  the  galvanometer  wires  were  inserted  into  the 
occlusal  hole  and  onto  the  inilpal  surface,  the  indicator  swung  from  3.5  to  5 
marks. 

5.  A  freshly  extracted  deciduous  tooth  with  a  vital  pulp  was  connected  to 
the  galvanometer.  With  one  wire  on  the  edge  of  the  ])ulp  and  one  on  sound 
dentin,  the  indicator  deflected  jibout  one-half  mai-k.  When  the  second  electrode 
was  moved  to  decayed  dentin,  the  indicator  swung  b<*yond  the  markings  on  the 
dial. 
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().  When  one  eleetrode  of  the  galvanometer  was  plaeed  on  a  sensitive  tootli 
and  llie  other  on  the  palate  or  tongue,  a  slijjht  deflection  was  noted.  When  the 
first  eleetrode  was  jdaeed  on  metallic  fillin<rs,  the  needle  was  deflected  in  the 
opposite  direction. 

DISCUSSION 

It  was  shown  that  the  tooth  tends  to  act  as  a  battery  when  wet  with  various 
solutions.  If  a  current  is  to  travel  throujjh  the  dentin  and  not  stay  on  the 
surface,  the  enamel  and  dentin  must  be  conditioned  to  permit  pas.sagc  of  the 
eurrent  throug^h  the  enamel  to  the  dentinal  fibers  and  to  the  pulp.  Primarily, 
the  resistance  of  the  enamel  to  the  flow  of  eurrent  must  be  reduced.  The  work- 
injr  theory  is  that  when  a  spot  is  saturated  with  an  electrolyte  it  affords  a  path, 
similar  to  a  wire,  leading  to  the  pulp. 

E.xperiments  four  and  five  indicate  that  a  charge  jiasses  through  the  odonto¬ 
blastic  processes  more  readily  than  it  pas.ses  over  the  tooth  surface  when  these 
processes  are  conditioned.  In  the  mouth,  the  entire  tmith  may  be  conditioned  to 
favor  passage  of  electrochemical  impulses.  Exi>eriment  .six  indicates  that  dental 
caries  conditions  the  tooth  for  eleetroehemieal  impulses. 

Huber,*  Hopewell-Smith,^  Chase,-^  and  Wannaek*  have  shown  that  there  is 
no  nervous  tissue  in  any  part  of  a  tooth  excepting  the  pulp.  How  then,  can  an 
ini])ulse"  reach  the  nerve  receptor  of  a  tooth  if  not  conveyed  by  nerve  ti.ssue? 
To  understand  this  theory  of  dental  jiain  thoroughly,  it  is  neees.sary  to  under¬ 
stand  the  factors  having  a  bearing  on  the  conduction  of  a  eurrent  of  electricity 
through  a  tooth.  A  tooth  must  be  conditioned  to  be  made  sensitive.  An 
ehn-trolyte  is  the  most  essential  factor.  A  second  condition  for  the  easy  conduc¬ 
tion  of  a  jiain  impulse  is  large  fibei-s  or  a  greater  number  of  small  ones.  (JabeP 
(pioted  Langmuir  as  stating  that  molecules  may  orient  themselves  into  imsitions 
making  them  more  capable  of  transmitting  an  electrical  eurrent.  This  is  a  third 
factor.  If  foregoing  .statements  are  true,  then,  the  pain  impulse  is  formed  in  the 
pulj),  but  the  .stimuli  is  of  electrochemical  origin  in  and  on  the  body  of  a  tooth 
unless  the  pulp  is  exposed  or  involved  by  infection.  Since  the  pulp  contains 
nervous  ti.ssue,  it  may  re<‘eive  excitation  and  transfer  it  to  the  central  nervous 
system. 

Fibers  affected  by  an  electrolyte  i)ro<luced  by  caries  or  foods  eaiuse  a  tooth  to 
become  sensitive.  Blood  is  an  electrolyte  that  normally  does  not  transfer  the 
properties  of  conduction  of  electricity  into  dentin.  Foods  and  diseases  possibly 
impart  qualities  to  blood  which  are  capable  of  being  transferred  from  blood  to  the 
dentinal  fibers  in  the  tissue  fluid.  Whether  the  electrolyte  is  introtluced  into  the 
teeth  by  way  of  the  pulps  or  by  way  of  the  outer  surfaces,  those  teeth  become 
sensitive.  Acids  of  caries  usually  involve  small  areas  in  the  beginning.  As  soon 
as  the  enamel  has  absorbed  enough  electrolyte,  the  charge  of  electricity  takes  the 
path  of  least  resistance.  Instead  of  being  over  the  surface  of  the  tooth,  it  now 
is  through  the  affected  part  of  the  tooth  to  the  pulp.  The  greater  the  number  of 
fibers  affected,  the  greater  will  be  the  impulse  received  by  the  pulp.  Until  enamel 
is  conditioned,  it  is  a  poor  conductor  of  electricity. 
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SUMMARY 

The  eleetroeheniieal  tlieory  of  dental  pain  proposes  that  i)ain  is  conducted 
as  an  electrochemical  impulse  through  conditioned  enamel  and  dentin  to  the  pulp 
where  nerve  tissue  is  present.  It  can  explain  phenomena  observed  clinically  and 
not  explained  by  other  concepts. 

REFERENCES 

1.  Huber,  G.  C.:  The  Innervation  of  the  Tooth  Pulp,  Dental  Conmos  40:  797,  1808. 

2.  Hopewell  Sniith:  The  So-called  Innervation  of  the  Dentin;  an  P^picriticism,  Dental 

Co.smo.s  58:  421,  lOlfi. 

Chase,  S.  W.:  The  Nerve  PMbers  and  VonKorff’s  I'ibers  in  the  Dental  Pulp,  J.  D.  Bex. 
9:  287.  1929. 

4.  Waimack,  W.:  Hypersensitive  Dentin.  Zahntechmixehe  Beform  24:  47,  1020  via  abstract 

in  Internal,  j.  Orth,  d'-  Oral  Surg.  7:  450,  1021. 

5.  Gabel,  K.:  Physical  P'acts  in  the  Production  and  Control  of  Dental  Pain,  .1.  /).  A. 

27:  411,  1940. 


•V 


PKOrEKDINTJS  OF  THE  FNIVERSITV  OF  MICHKJAN  SCHOOL  OF 
PCBIHC  HEALTH  AND  SCHOOL  OF  DENTISTRY  INSERVICE 
TRAININO  COURSE  FOR  THE  EVALUATION  OF 
DENTAL  (CVRIES  (M)NTROL  TECHNICS 

September  S  throuffh  13,  1917 

Thtrsday,  Skrtkmbkr  11 
MoniUiff  Session 

(Auditorium,  School  of  Public  Health) 

1)K.  EASLK'K. — My  coiifjratulations  this  niorninfj  to  you  “students,”  some  of  the 
professors,  and  some  of  the  faculty.  Some  times  yesterday  afternoon  I  thought  that  the 
faculty  was  faltering,  but  I  was  amazed  how  the  students  carried  on.  I  realize  that  it 
has  been  a  long,  long  time  since  some  of  you  dentists  have  found  yourselves  in  a  study 
situation.  So,  I  am  quite  sincere  in  congratulating  you  on  the  amount  of  effort  that  you 
s|)ent  in  our  hot  dental  library  yesterday  afternoon.  I  have  a  feeling  that  all  of  the  faculty 
should  be  available  in  the  library  this  afternoon  to  help  the  “students”  locate  references 
that  may  answer  their  questions.  We  have  an  abundance  of  literature  available,  but  when 
it  comes  to  literature  that  will  answer  specifically  a  specific  question,  it  is  very,  very  scarce, 
indeed.  From  your  store  of  knowledge  of  references  you  can  often  make  a  helpful  sug¬ 
gestion  to  the  people  evaluating  information.  1  am  sure  many  of  them  would  appreciate 
your  suggestions  very  much. 

We  are  continuing  the  study  of  fluorine  further  this  morning,  and  we  also  shall  have 
to  stain  up  the  morning  with  some  silver  nitrate.  The  first  of  the  speakers  this  morning 
is  Dr.  .lohn  W.  Knutson,  who  is  chief  of  the  Dental  Section  of  the  States  Relations  Division 
of  the  I'nited  States  Public  Health  Service.  The  assignment  which  our  group  gave  Dr. 
Knutson  is  “An  Evaluation  of  the  Effectiveness  as  a  t'aries  t’ontrol  Measure  of  the  Topical 
.\pplication  of  Solutions  of  Fluori<les. ”  With  some  notion  about  his  di.scussion  from  previ¬ 
ous  opportunities  that  I  had  in  .Vtlanta,  tleorgia,  and  Hoston,  Massachusetts.  I  know  that 
this  phase  of  caries  control  will  be  c»)vered  very  well,  indeed.  I  am  giving  him  the  first 
forty-five  minutes  this  morning.  Dr.  Kniitson. 


AX  EVAIA  ATION  OF  THE  EFFECTIVENESS  AS  A  ('ARIES  ('ONTROL 
MEASURE  OF  THE  TOPICAL  APPLICATION  OF  SOLUTIONS 
OF  FLUORIDES 


.loHX  W.  KxrTsox,  D.D.S.,  1)k.  P.H.,  Df.xtal  Skc’tiox,  Statks  Rklatioxs 
Divisiox.  U.  S.  PrBi.ir  Heafth  Skkvk’e.  Washixcitox,  I).  ('. 

My  premiere  i)erf()rnia)u*e  on  this  very  same  suhjeet  was  »riven  about  five 
weeks  ajro  at  Boston.  At  that  time  the  eonelnsion  was  that  the  use  of  topical 
fluorides  as  a  }>reventiv<*  measure  in  dental  caries  control  is  ai)proximately  40 
per  cent  effective  in  reducing;  tlie  incidence  of  the  disease.  That  is  the  conclusion 
we  shall  reach  a»:ain,  1  believe,  after  we  consider  all  of  the  evidence  related  to 
the  subject :  the  chemical  evidence,  the  evidence  resulting;  from  laboratory 
i n vest iy:at ions,  the  clinical  evidence,  and  also  what  has  been  referred  to  here 
as  evidence  that  is  of  concern  from  a  losjical  standpoint. 

In  presentiiifr  the  various  catefroi-ies  of  evidence,  I  shall  not  pay  particular 
attention  to  the  chronolofry  of  published  reports.  Rather,  I  shall  attempt  to 
present  them  according:  to  whether  or  not  they  are  chemical  evidence,  animal 
laboratory  evidence,  or  clinical  evidence  on  human  hein<is,  and  to  include  related 
evidence  which  at  the  time  the  observations  were  ma<le  may  not  have  h<*en  con- 
sidei'cd  to  he  evidence  which  would  he  of  any  concern  to  this  subject,  that  is, 
the  use  of  toi)ical  fluorides  as  a  caries  preventive. 

Shortly  after  it  was  determined  that  fluorides  were  the  cause  of  mottled 
enamel,  a  concert(*d  effort  was  made  by  a  few  indivi<luals  to  discovei’,  or  find, 
an  afjent  that  mifrht  he  u.sed  for  removiniu:  (‘xcessive  fluorides  from  drinking:  water 
supplies.  One  of  the  substances  found  to  he  (‘ffective  was  hone  meat.  Later, 
several  invest ijjators  Elvove.’  Maclntin*  and  Hammond,^  Adler,  Klein,  and 
Lindsay'*  found  that  the  i)rinci])al  constituent  of  hone  meal  that  appeared  to 
he — or  that  was — the  effective  afrent  for  the  removal  of  fluorides  was  fricalcium 
])hosi)hafe,  one  of  the  princi|)al  components  of  tooth  substance. 

At  the  time  Armstroiiff  and  Brekhus^  discovered  that  enamel  of  sound 
teeth  containe<l  more  fluorine  than  enamel  of  carious  teeth,  there  jjrohahly 
wasn't  much  thought  that  this  eonstitucTit  of  enamel  could  he  increased  by 
dir<‘ct  aj)i»lication.  ('ertainly  judor  to  this  discovery  it  was  generally  accepted, 
l)erha})s  more  by  implication  than  otherwise,  that  once  enamel  had  erupted  info 
the  mouth  if  could  not  he  chatiged  constructively.  When  it  was  definitely 
determined  that  there  was  a  specific  relationship  between  fluorides  in  water 
su|)plies  atid  dental  caries,  interest  was  stimulattMl  in  studying  the  manner  of 
action  of  the  fluorides  and  the  manner  of  acpuisifion  of  the  fluoride  by  enamel. 
These  studies  were  prificipally  chenueal  laboratory  investigations.  Perhaps  the 
first  of  these  of  significance  was  that  rej)orted  by  Volker  and  his  a.s.soeiates’’’’  ® 
showing  that  the  solubility  of  enamel  could  he  api»reclahly  reduced  by  treating 
it  with  a  fluoride  solufion.  They  also  found  thaf  (‘iiamel,  hone,  dentin,  and 
hydroxyaj)atite,  all  these  suhsfances,  would  adsorb  fluorine  according  to  a 
definite  pattern.  Norvold,  Inglis,  and  Armstrong'  also  r(*|)oited  evidence  that 
enamel  would  or  could  adsorb  fluoi'ides. 
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The  next  elieinieal  studies  of  eoncern  (and,  as  you  recognize,  I  am  giving 
you  merely  the  eonelusions  instead  of  the  details  of  these  related  findings) 
were  designed  to  iletermine  what  fluoride  solution  was  absorbed  at  the  greatest 
rate,  or  in  the  greatest  amount,  and  what  pH  of  the  Huoride  solution  was  the 
most  effective. 

Hibby*’”  found  that  as  the  pH  of  the  solution  was  lowered,  the  Huorides 
were  adsorbed  more  effectively.  He  also  found  that  of  the  several  Huoride 
solutions  tested,  sodium,  potassium,  and  ammonium  aj)|>eared  to  have  the 
same  adsorption  (lualities,  whereas  calcium  Huoride  was  ineffective.  Phillips 
and  Mulder"’  also  showed  that  as  the  i)H  of  the  Huoride  solution  is  lowered, 
the  amount  of  Huoride  adsorbetl  is  increased.  They  concluded  that  the  optimum 
pH  was  about  2.6,  and  that  this  pH  was  not  low  enough  to  damage  tooth  tissue. 

Huonoeore  and  Bibby"  then  eondueted  a  series  of  studies  to  determine 
which  of  the  several  Huorides  might  be  most  effective,  and  from  the  results  of 
their  laboratory  findings  concluded  that  lead  Huoride  was  ai)preciably  more 
effective  than  sodium  Huoride.  Later.  Mulder  and  Van  Huysen'^  conducted 
studies  of  a  similar  nature  and  concluded  that  tin  Huoride  was  the  most 
effective.  It  is  of  interest  that  from  the  results  of  their  studies,  they  arrived 
at  the  conclusion  that  lead  Huoride  and  sodium  Huoride  had  about  the  same 
adsori)tion  (pialities  in  so  far  as  enamel  was.  concerned. 

With  reference  to  the  manner  of  acquisition  of  the  Huoride  or  deposition 
of  the  Huoride  in  the  tooth  or  in  the  enamel,  my  summary  statement  is  that  at 
present  it  is  not  knoini  just  how  the  Huoride  is  deposited  or  in  what  form  it  is 
deposited  in  the  enamel.  There  are  those  who  have  studied  this  problem  who 
believe  it  is  deposited  in  the  form  of  calcium  Huoride;  and  othei’s,  that  it  is  in  the 
form  of  calcium  Huorapatite,  a  direct  adsor])tion  compound  formed  as  the 
result  of  the  application  of  Huoride  solution  to  enamel. 

Our  next  category  of  evidence  will  be  concerned  with  lalmratory  investi¬ 
gations  on  animals.  I  might  say  that  oidy  a  very  limited  amount  of  work  on 
animals  having  a  direct  relationship  to  this  subject  has  been  done.  Sognnaes"*'’' 
conducted  two  studies  on  small  groups  of  rats  and  came  to  tbe  conclusion  that 
the  evidence  sugg»‘sted  that  Huoride  solutions,  used  topically,  reduced  dental 
caries  incidence.  Keyes'”  used  ham.stei's  for  his  experimental  animals  and 
arrived  at  a  similar  conclusion.  His  findings  in  a  small  group  of  hamstei's  were 
not  conclusive,  but  the  data  indicated  that  there  was  a  reduction  in  caries 
incidence  when  the  teeth  were  treated  with  topical  sodium  Huoride. 

The  next  subject,  and  perhai)s  the  most  important  feature  of  this 
evaluation,  will  be  a  presentation  of  clinical  evidence  on  human  beings.  As 
l>r.  Wallace  i>oinled  out  to  you,  in  many  dental  investigations  the  elinical 
evidence  is  the  clinching  feature  becauso  we  do  not  fidly  undeiMtand  the 
carious  process.  In  our  (‘valuation  of  this  evidence  (Table  1)  we  shall  be  con- 
cerni'd  with  numerous  variables.  The  important  variabh's  are:  the  number  of 
cas(‘s  in  the  study  groups,  the  nu'thod  of  control  and  of  treatment,  the  technic 
of  application,  the  ag(‘  (d‘  the  group,  the  Huoride  solution  and  its  concentration, 
and  dental  |)i'ophylaxis.  Ih'ntal  projthylaxis  is  an  incornrt  t(*rm  as  ust*d  hen* 
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It  is  really  not  a  jnophylaxis  such  as  was  described  to  you  by  Dr.  lline.*  We 
did  not  use  the  traditional  dental  prophylaxis,  but  what  we  did  was  remove  the 
materia  alba  from  the  teeth.  Perhaps  a  better  term  for  this  is  the  one  used  by 
Dr.  Fosdiek.  We  just  took  the  “‘junk"  off  the  teeth.  We  merely  used  a  ruhl)er 
cup  and  fine  i)umiee  to  cleanse  the  teeth,  a  i)rocedure  that  recpiires  about  five 
minutes,  not  any  more  than  an  average  of  five  minutes.  With  few  excejdions, 
the  children  with  whom  we  have  been  workinji:  don't  have  calculus,  hut  the 
use  of  the  rubber  cup  with  fine  pumice  is  very  effective  in  removing  the  fiross 
debris  in  a  very  short  time. 

One  of  the  variables  that  does  not  receive  its  share  of  attention  from 
dental  invest ijrators  is  the  number  of  children  studied.  In  order  that  a  state¬ 
ment  made  by  Dr.  Wallace,  and  concurred  in  more  or  less  by  Dr.  Fosdiek,  is 
not  misinteri)reted,  I  mi»rht  jmint  out  one  important  thin*;  to  consider  in 
terms  of  numbers  in  settinj;  up  studies,  namely,  that  you  are  usually  concerned 
with  two  variables  or  sources  of  error  in  your  study  <rroups.  One  is  error  in 
measurement,  the  error  in  the  tools  that  you  use,  or  the  variability  in  apidication 
of  the  devices  used  in  measurement.  The  second  is  the  individual  variability 
within  the  ‘•roup.  Usually,  dental  investi<iators  are  very  much  concerned  about 
the  error  of  measurement,  they  will  re]K)rt  how  carefully  and  in  how  much 
detail  each  case  was  studied,  that  x-rays  were  made,  that  transillumination 
was  used,  and  that  fifteen  to  twenty  minutes  were  reipiired  to  complete  each 
examination  of  the  nine,  twenty-one,  or  twentA-seven  cases  in  the  study  "roup. 
Kejrardless  of  what  is  done  to  reduce  the  error  of  measurement,  the  real  ranjje  of 
variability  amoii"  individuals  within  the  jiroup  is  not  affected.  To  illustrate, 
let  us  say  that  the  height  of  the  freshman  students  at  the  University  of 
Minnesota  is  measured  very  carefully  so  that  the  error  of  measurement  is 
reduced  to  a  small  fraction  of  an  inch.  The  care  exercised  in  makiii"  the 
measurements  has  not  reduced  the  raufie  of  variability  within  the  "roup,  which 
mi"ht  be  as  much  as  24  inches.  In  "cneral,  it  is  only  by  bavin"  a  laT"e  enou"h 
number  of  cases  in  our  study  "roups  that  we  eliminate  chance  variability  within 
the  "roups  as  the  cause  for  observed  differences. 

Now,  I  do  not  want  to  "ive  the  impression  that  we  should  not  be  concerned 
with  usiii"  a  careful  and  standard  procedure  for  ohtainiii"  our  measurement.s. 
The  same  procedure  should  he  used  on  the  conti'ol  as  on  the  experimental  "roup. 
The  i)rocedure  is  important,  we  want  to  have  a  standard  technic  so  that  we 
examine,  let  us  say,  the  experimental  and  the  control  children  in  the  same  way. 
But  we  must  have  enou"h  individuals  in  each  {rrouj)  so  that  differences  effected 
by  the  application  of  a  preventive  are  not  obscured  by  individual  variability,  or, 
on  the  other  hand,  so  that  differences  due  to  individual  variability  are  not 
attributed  to  an  ineffective  preventive  a"ent. 

This  i)oint  perhaps  can  he  even  better  illustrated  by  an  example  of  an 
exa^rfrerated  situation.  In  1936,  a  newly  discovered  ])reventive  for  poliomyelitis 
was  tested  with  500  children  treated  in  an  ex])erimental  "roup  and  500  children 
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rotililu'd  in  a  (•<)ntrol  firoup.  After  the  polio  season  was  over,  an  analysis  was 
made  by  two  investi^atoi-s’*’  to  see  how  effective  the  vaccine  had  tmen.  With 
the  experiment  eomjjleted,  they  found  that  if  the  difference  between  the 
incidence  of  polio  in  treated  and  untreated  children  had  been  SO  per  cent,  they 
would  have  needed  27,000  cases  instead  of  1,000  in  the  two  »rroui»s.  If  the 
vaccine  had  been  100  ])er 'cent  effective,  they  would  have  needed  15,000  cases 
in  the  two  ^loups  to  show  that  the  difference  was  sijjnificant.  Now,  I  say  1  am 
usinsr  an  exa^trerated  ease;  the  incidence  of  polio  is  much  lower,  fortunately, 
than  that  of  dental  caries,  hut  by  and  lar«;e,  the  same  principle  ai)plies. 

We  can  estimate  before  we  start  a  cliiiical  study  for  testinj;  a  caries 
ju'eventive  how  many  cases  are  needed  with  an  attack  rate — an  estimated 
attack  rate — of,  say,  10  per  cent  per  year  amon<r  the  teeth,  or  only  5  })er  cent. 
We  can  estimate  how  many  individuals  are  needed  in  the  s{imi>le  to  measure 
the  sitrnificanee  of  a  difference  in  caries  rates  between  treated  and  untreated 
teeth.  Therefore,  sample  size  is  always  an  im|)ortant  item  to  watch  when  we 
evaluate  the  results  of  clinical  studies  in  dental  caHes  control. 

Bihl)y-'‘  (Table  1)  treated  the  teeth  in  one  (piadrant  in  the  mouth  of  each 
of  ninety  individuals  and  used  the  teeth  in  the  untreated  (juadrants  as  con¬ 
trols.  He  used  a  0.1  per  cent  sodium  tluoride  solution  and  made  three  applications 
durin*;  the  year,  spaced  three  to  four  months  apart.  One  year  after  the  initial 
application,  he  found  45  per  cent  less  new  caries  in  the  fluoride-treated  teeth 
than  in  the  untreated  teeth.  Two  yeaix  after,  the  treatment  was  continued  to 
a  total  of  six  treatments  at  the  rate  of  three  treatments  a  year.  The  difference 
was  88.8  per  cent.  Three  .veal's  after  treatment  was  completed,  or  five  Neal's 
after  the  initial  application,  there  was  36  jicr  cent  less  caries  in  the  treated  than 
in  the  untreated  teeth. 

Knutson  and  Armstroiifi:-''^^  (Table  I),  in  a  stndv  of  2S9  children,  treated 
the  teeth  in  one  side  of  the  mouth  and  used  the  teeth  in  the  untreated  half 
of  the  mouth  for  controls.  These  i n vest ijra tors  a|)plied  a  2  tnu*  sodium 

tluoride  solution  to  a  total  of  seven  to  fifteen  applications.  All  applications 
were  made  durin*;  an  eij;ht-week  iieriod,  at  a  rate  of  one  to  two  treatments 
per  week.  Duriiij;  the  .vear  following  treatment,  the  ineidenee  of  dental  caries 
was  40  iier  cent  less  in  the  tluoride-t rented  than  in  the  untreated  teeth.  For 
the  fii'st  two-year  iierioil,  the  differenee  was  41  jicr  cent,  and  for  three  .vears, 
37  jicr  cent  less  new  caries  in  the  fluoride-treated  teeth  than  in  the  untreated 
teeth.  An  internal  analysis  of  the  findinjrs  for  this  study  "loup  indicated  that 
eiirht  applications  effected  a  reduction  in  caries  incidence  eipial  to  that  of 
fifteen  applications,  leadin*;  to  the  conclusion  that  fifteen  ap|>lications  were  not 
more  effective  than  ei*;!^. 

dordan  and  his  a.ssoeiates^"*  (Table  1),  usinj;  the  same  technic  as  was  used 
in  our  fii'st  stud.v,  were  interested  in  determiniii};  the  minimum  number  of 
treatments  which  would  f;ive  maximum  effectiveness.  With  one  application, 
240  individuals  demonstrated  5  per  cent  reduction;  almost  600  individuals 
siven  two  apjilications  had  10  per  cent  less  new  caries;  160  individuals  jjiven 
three  applications  had  21  jum'  cent  reduction. 
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The  teehiiie  used  in  the  study  by  Knutson,  Annstron^,  and  Feblinan-'’ 
(Tal)le  11),  was  tin*  same  as  tluit  used  in  the  tii-st  study  by  Knutson  and 
Armstroii":,  exeept  that  we  did  not  elean  tlie  teeth  before  the  Hnoride  solution 
was  applied.  Note  that  the  number  of  eases  in  eaeh  of  these  ‘rronps  is  quite 
larfje.  With  two  applications  without  a  eleansinj; — an  initial  eleansin" — there 
was  9  per  cent  reduction;  with  four  applications,  20  per  cent  reduction;  with 
six  apj>lications,  21  per  cent  reduction.  I  want  to  ]>ause  here  to  point  out  that 
this,  tofyether  with  the  other  studies  (our  first  studies,  the  studies  by  Jordan 
and  these),  sufjfiests  that  the  maximum  number  of  treatments  is  between  four 
and  six,  or  mijyht  be  four.  Six  did  not  jjive  more  effective  results  than  four. 

In  our  most  recent  study,  that  by  (!ala»;an  and  Knutson  (Table  II),  the 
same  procedure  was  used,  exeept  that  prior  eleansiufy  of  the  teeth  was  included. 
They  were  cleansed  before  the  series  of  either  two,  four,  or  six  ai)i)lieations. 
See  what  happens?  Two  ai)i)lieations  yield  21.7  per  cent  reduction,  about  twice 
as  much  as  without  the  eleansinty;  four  ai)j)lieations,  41  per  cent,  al)out  twice 
as  much  as  without  the  eleansinjy;  six  ai)plieations,  41  per  cent,  no  difference 
between  the  last  two,  and  afyain  twice  as  much  as  without  the  cleansin».  The 
conclusion  from  this  series  of  studies  is  that  four  a|)plications  of  a  2  ])er  cent 
solution  of  sodium  tluoride,  in  which  the  initial  application  is  i)receded  by  a 
cleansiujy,  will  effect  a  40  i)er  cent  reduction  in  dental  caries. 

I  ])ointed  out  that  some  of  the  chemical  studies  indicated  that  there  were 
other  fiuorides  that  mijyht  be  more  effective  than  sodium  tluoride,  and  I  can 
a.ssure  you  that  .studies  will  be  continued  to  find  a  more  effective  fluoride  solution 
than  sodium  fluoride,  to  find  a  sim])ler  and  more  effective  treatment  method, 
hut  as  of  today  four  applications  of  a  sodium  tluoride  .solution  fyive  us  the 
maximum  result  when  a  2  per  cent  solution  is  used. 

We  tested  clinically  one  tluoride  solution  that  from  lalmratory  findings 
was  supposed  to  be  more  effective  than  sodium  fluoride,  aecordinjy  to  one 
invest ijyator,  and  ecpially  as  effective  as  sodium  fluoride,  aecordiniy  to  another 
laboratory  investiprator.  In  other  words,  we  repeated  our  usual  clinical  stud.v 
usinjy  lead  fluoride  instead  of  sodium  fluoride  (Table  II).  By  and  larjye,  the 
answer  here  is  that  lead  fluoride  is  not  effective  at  all,  at  least  in  the  manner 
in  which  we  used  it  for  reducinty  dental  caries  incidence.-® 

I  want  you  to  continue  to  watch  the  number  of  cases.  Cheyne®'  (Table  III) 
had  twenty-seven  cases,  children  4^2  to  6  years  of  a»ye,  in  his  treated  ‘yroup  and 
ninteeu  control  cases,  and  he  worked  with  deciduous  teeth.  He  treated  the  teeth 
with  a  .05  {)er  cent  |)ota.ssium  fluoride  solution  to  a  total  of  two  applications 
and  reported  50  per  cent  reduction.  His  study  was  over  a  jH'riod  of  slijyhtly 
more  than  three  months.  Jordan  and  eo-workeiN*^  (Table  III,  which  presents 
the  results  in  the  deciduous  teeth  of  the  •yroup  for  whom  we  previously 
presented  the  results  in  the  permanent  teeth) — obtained  reductions  in  caries 
incidence  with  one,  two,  and  three  applications:  reduction  of  5  per  cent  with  1; 
15  |)er  cent  with  2;  and  40  per  cent  with  three.  Because  of  the  ajyes  of  the 
individuals  in  these  lyroups,  they  are  not  ideal  for  studyinjy  the  effect  of 
toi)ical  fluorides  on  deciduous  teeth.  In  other  words,  in  the  older  ajye  ranjyes 
the  children  do  not  have  many  deeitluous  teeth. 
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Arnold  and  associates-*  (Tal)le  III),  had  (’oast  (Jnard  cadets,  16  to  23 
veal’s  of  a"e,  who  received  one  aiiplication  of  a  1  per  cent  sodium  fluoride 
solution,  acidulated  solution,  and  ninety-four  paired  controls  that  were  studied 
for  a  i>eriod  of  one  year  after  treatment.  They  observed  no  reduction  in 
dental  caries.  This  tindinji  may  or  may  not  he  in  accord  with  other  tindinjrs 
on  tojiical  Huorides.  dordan  and  associates  jiot  a  5  per  cent  reduction  with  one 
application.  To  establish  a  reduction  of  6ve  })er  cent  as  statistically  sijrnificant 
would  reiiuire  even  srreater  numbers  than  either  Arnold  and  co-workers  or 
Jordan  and  co-workers  had  in  their  study  ‘rroujis. 

Hast  and  his  associates'-’"  (Table  III)  treated  forty-eijrht  individuals,  hut 
they  treated  only  one  tooth  in  each  child  and  used  the  homolojrous  t(K)th  as  a 
control.  Therefore,  they  treated  a  total  of  forty  eijrht  teeth,  and  concluded  that 
their  results  were  ne^rative.  The  treatment  was  not  lueceded  by  a  projibylaxis. 

I  niifilit  jHiint  out  that  they  reported  that  there  were  twelve  new  decayed 
teeth  in  one  set  of  these  forty-eijrht  teeth  and  fifteen  in  the  other.  They  didn’t 
identify  treated  and  control  iirroups  in  the  report,  hut  if  the  twelve  were  in  the 
fluoride-treated  «;roup  and  fifteen  in  the  untreated  ‘jroup  (althoujrh  much  reliance 
cannot  he  ])laced  on  such  limited  exi)erience  when  dealing:  with  dental  caries), 
that  would  mean  a  20  per  cent  reduction,  which  is  in  accord  with  the  reduction 
effected  without  prior  cleansino:  of  the  teeth. 

]McUauley  and  Dale^"  (Table  111)  treated  the  teeth  of  twenty-one  children. 
They  treated  the  teeth  in  half  of  the  mouth;  they  did  not  clean  the  teeth  and 
they  did  not  isolate  the  teeth.  After  the  fiist  year  of  study  they  concluded  that 
they  <;ot  a  bilateral  reduction  in  dental  caries.  The  caries  rate  for  this  study 
"lou])  for  the  first  year  was  lower  tlnui  that  expected,  hut  it  was  bilaterally 
ecinal,  and  so  they  concluded  that  they  ^ot  a  bilateral  reduction.  They  followed 
the  <iroui)  for  another  year  and  found  that  the  rate  for  each  of  the  two  halves 
of  the  mouth  had  increased  markedly  for  the  year,  and  so  they  concluded  that 
for  the  two-year  jieriod  their  results  were  ne»:ative.  Now,  not  only  is  the  number 
of  cases  in  this  study  small,  but  the  treatment  procedure  varies  widely  from 
the  treatment  procedure  that  was  discussed  earlier.  They  did  not  clean  the  teeth, 
they  did  not  isolate  the  teeth,  and  they  did  not  dry  the  teeth  before  the 
fluoride  solution  was  api)lied. 

The  procedure  that  we  used  to  effect  a  40  per  cent  reduction  in  dental  caries 
was  to  cleanse  the  teeth  (a  five-minute  cleansin*;,  or  the  averafie  of  a  five-min¬ 
ute  cleansin*;  per  child),  isolate  the  teeth  with  cotton  rolls,  dry  them  with 
compressed  air,  wet  the  crown  surface  of  the  teeth  with  2  ]>er  cent  sodium 
fluoride  solution,  and  let  the  applied  solution  dry  in  air. 

Tables  IV  and  V  are  presented  merely  to  point  up  the  method  used  in 
conductinjj;  these  studies  and  the  results.  Table  IV  illustrates  the  details  of  what 
had  occurred  during:  the  two  years  since  the  topical  fluoride  treatments  were 
administered  to  half  the  teeth  of  2S9  children,  270  of  whom  were  available 
two  yeai’s  after  treatment.-'-  This  study  was  based  on  the  observation,  which 
has  been  repeatedly  confirmed,  that  the  occurrence  of  dental  caries  is  ecpial 
bilaterally  in  iiopulation  groups.  In  the  fluoride-treated  upper  teeth  during  the 
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two-year  i)erio(l,  tliere  were  ninety-seven  new  deeayed  teeth  and  one  hundred 
seventy-four  in  the  untreated  teeth.  There  is  certainly  no  bilateral  similarity 
there.  Of  the  lower  teeth,  sixty-seven  decayed  in  the  tluoride-treated  teeth, 
107  in  the  untreated  teeth,  and  there  is  certainly  no  bilateral  occurrence  there. 


T.MU.K  IV.  1)ENT.\L  C.\I!IES  iNCmKXCK  IN  SOIMCM  FM'OKIDE-TkEATEI)  AND  UNTIUUTED 

Fekmanext  Teeth.  For  Two-Year  Period  Ending  M.\y,  ]lt44;  270  Minnesota  Children, 

7  TO  15  Years  of  Age 


QrADRANT 

NEMBER  NONCARIOES  TEETH 
(.APRIL,  1942) 

NEMBER  BEIMMING  NEWLY 
CARIOES  (TWO-YEAR  PERIOD 
ENDING  MAY',  1944) 

Upper 

Treated  (left) 

929 

97 

Untreated  (right) 

940 

17:5 

Lower 

Treated  (Ipft) 

1,145 

07 

Untreated  (right) 

1,154 

107 

In  our  fii-st  study,  we  had  a  negative  control  <rrou|)  .so  that  we  could  com¬ 
pare  caries  expeHence  in  the  untreated  half  of  the  mouth  of  the  experimental 
firou])  with  that  of  children  who  had  similar  caries  experience  hut  who  had  re¬ 
ceived  no  treatment  whatever  except  the  cleansing  of  the  teeth.  Table  V  illus¬ 
trates  what  haiipened  in  the  control  ‘jroup  diiriiifi  the  two  study  years:  253 
new  decayed  teeth  in  the  uj^per  left;  254  in  the  upper  rifiht;  lower,  137  on  the 
left  and  137  on  the  rijjht.  That  is  almost  perfect  bilateral  symmetry.  I  can 
assure  you  that  it  does  not  always  come  out  that  way,  even  with  so  lar«je  a  num¬ 
ber  of  individuals  in  the  study  "roujis. 


Taule  V.  Dental  (’ai.tes  Incidenie  in  Permanent  Teeth,  »y  Leep  and  Hkhit  Mgetii 
Qi'adrants;  for  Two-Year  Period  Ending  May,  15t44;  .■520  Minnesota  Children,  7  to  15 
Years  of  Age  (Control  Groep) 


QEADRANT 

NE.MBER  NO.NCARIOES  TEETH 
(APRIL,  1942) 

NE.MBER  BEEO.MING  NEWLY 
CARIOES  (TWO-YEAR  PERIOD 
ENDING  MAY,  1944) 

Upper 

Left 

1,.'522 

253 

Right 

1,:517 

254 

Lower 

I.eft 

1,405 

137 

Right 

1,489 

137 

Sl'MM.VRY 

In  summary  review,  chemical  studies  were  conducted  to  test  the  effective¬ 
ness  of  different  fluoride  solutions.  These  stud'es  indicated  that  there  may  be 
fluoride  solutions  more  effective  than  sodium  fluoride.  T  hope  such  solutions 
are  found.  However,  until  such  soliFions  are  tested  clinically,  it  is  strongly 
indicated  from  the  results  of  the  tests  with  lead  fluoride  that  we  consider  the 
use  of  any  other  fluoride  solutions  than  sodium  fluoride  as  experimental. 

('onsideraf ion  has  been  oiven  in  lh(‘  laboratory  fo  the  difference  in  ])11 
level  of  the  sol uf ions  used.  'I'lie  conclusion  was  reached  by  one  <,froup  of  in- 
vestijirators  that  a  jiIl  as  low  as  2.6  would  be  nonin jui ions  to  the  tooth  tissue. 
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I,  myself,  am  not  ready  to  aeecpt  that  eonelusioii.  I  think  this  matter  deserves 
furtlier  study,  particularly  in  view  of  the  fact  that  it  has  been  demonstrated 
that  deealcification  can  •occur  and  does  occur  at  a  pi  I  of  5,  and,  certainly,  defi¬ 
nitely  at  a  pH  of  4.  Studies  are  now  bein*?  conducted  that  should  shed  addi¬ 
tional  lijrht  on  j)!!  very  shortly.  Some  of  thes(‘  studies  are  concerned  with  tooth 
surface  patterns  or  tooth  surfaces  as  seen  throujrh  the  electron  microscope.  len¬ 
til  it  has  been  verified,  I  do  not  think  I  would  use  a  solution  with  a  pH  as  low 
as  2.6.  As  a  matter  of  fact,  I  do  not  think  the  pH  should  be  varied  in  any  way 
until  verified  by  clinical  studies. 

There  was  *;reat  variation  in  the  s])acin‘>:  of  the  applications.  Some  of  the 
investijiators  fiave  three  applications  a  year,  spaced  four- months  apart.  In  all 
our  studies,  we  «rave  the  applications  at  a  minimum  rate  of  one  a  week,  and  a 
maximum  rate  of  two  a  week  to  whatever  total  number  was  desired.  It  is  merely 
my  impression  that  if  four  applications  do  irive  the  most  effective  results  and 
four  are  recpiired  to  "ive  the  full  effects  of  the  topical  fluoride  that  we  elect  to 
use,  it  seems  to  me  that  the  earlier  we  ^et  those  on  the  teeth,  the  better.  It  is 
also  very  likely  that  if  you  do  sinice  the  treatments  far  apart,  it  would  be  im¬ 
portant  to  i)recede  each  application  with  a  cleansin*!. 

('oncentration  of  the  solutions  used  varied  widely.  Host  of  the  work  has 
l)een  done  with  2  per  cent  .sodium  fluoride  solution.  Indications  are  that  a  1 
])er  cent  solution  may  be  fully  as  effective,  but  ajiain  this  concentration  has  not 
been  tested  as  fully  as  the  2  per  cent  .solution. 

One  concluding;  item  of  interest  is  the  effect  of  topical  fluorides  on  lacto- 
hacillus  counts.  When  we  treated  children’s  teeth,  that  is,  the  full  mouth,  and 
studied  the  lactobacillus  acidophilus  counts,  we  ‘;ot  no  reduction  in  the  lacto- 
hacillus  acidophilus  counts.  Now,  that  can  be  explained,  I  am  (juite  sure,  and 
really  does  not  reflect  on  the  effect ivene.ss  or  the  usefulness  of  lactobacillus 
acidophilus  counts.  In  our  first  study  on  this  particular  pha.se,  we  had  twenty- 
five  children  in  each  "roup,  both  control  and  exi>erimental.  We  made  lacto- 
hacillus  acidophilus  counts  at  intervals  of  three  months,  and  there  was  no  chan"e 
duriii"  the  year.  We  followed  a  similar  procedure  with  another  study  of  forty 
children  in  each  "roup.  A"ain,  wc  made  lactobacnius  acidophilus  counts,  but  at 
time  intervals  of  one  year,  and  for  a  ])eriod  of  two  yeai-s  we  "ot  no  change  in 
the  counts. 
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T)R.  EASLICK. — Thanks  very  nuieh.  Dr.  Knutson.  Dr.  Knutson's  report  is  open  for 
discussion  or  questions. 

DR.  .VLLEN  GRUEBBEL  (American  Dental  Association). — I  sliould  like  to  ask  Dr. 
Knutson  if  he  would  exfiect  a  jjreater  reduction  in  caries  incidence  if  each  application  of  the 
fluoride  scdution  were  preceded  by  a  cleansinfe  of  the  teeth. 

DR.  KXUTSOX. — That  is  a  very  important  question;  at  lea.st,  it  is  a  good  (piestion 
for  a  good  deal  of  ^conjecture.  We  have  tried  to  analyze  our  figures  by  internal  comparisons 
to  determine  the  rationale  of  cleansing.  It  seems  reasonable  to  believe  that  the  teeth  surfaces 
should  1)e  cleaned  l)efore  the  fluoride  .solution  is  applied  if  maximum  action  is  to  l)e  facilitated. 

It  is  of  interest,  however,  that  in  terms  of  percentage  caries  reduction,  the  first  application, 
which  is  the  one  immetliately  pret'eded  by  a  cleansing,  is  not  more  effective  than  the  second 
or  fourth.  Whether  or  not  these  results  depreciate  tin*  importance  of  cleansing  before  the 
second,  third,  or  fourth  applications,  I  don’t  know.  For  a  ilefinite  answer  to  your  question 
we  must  await  the  results  of  clinical  trials. 

DR.  EASLICK. — Dr.  Grant  has  the  floor. 

DR.  EDMUXD  A.  GRAXT  (Department  of  I’ublic  Health,  Toronto,  Ontario). — Dr. 
Ea.slick,  I  should  like  to  ask  Dr.  Knutson  a  question.  1  came  across  a  new  word  the  other 
day.  I  should  like  to  take  advantage  of  this  opportunity  to  use  it,  and  so  I  shouhl  like 
to  ask  Dr.  Knutson  if  fluorides  as  used  in  the  topical  application  technic  are  “absorbed” 
or  “ailsorbed.”  I  should  also  like  to  ask  him  whether  any  precautions  were  taken  to  prevent 
the  child  from  'swallowing  the  solution,  or  if  he  believes  the  ‘2  per  cent  .solution  is 
toxic  when  swallowed. 

DR.  KXUTSOX. — There  is  a  difference  between  absorption  and  adsorption,  but  it 
has  be»*n  my  f€‘eling  in  recent  years  that  when  we  don’t  know  whether  a  substance  is 
absorbed  or  adsorbed,  we  use  the  term  adsorption.  We  don’t  know  whether  the  fluoride 
is  absorbed  or  adsorbed  by  enamel. 

With  reference  to  your  question  on  the  toxicity  of  the  fluoride  solutions  used,  it 
should  be  clear  that  we  are  dealing  with  a  toxic  substance,  but  that  the  amount  usetl  in 
the  topical  fluoride  procedure  is  not  toxic.  One  wouhl  have  to  drink  from  six  to  eight 
ounces  of  a  2  per  cent  sodium  fluoride  solution  to  get  wrious  toxic  effects.  Therefore,  we 
dov't  re(piire  a  rinsing  of  the  patient’s  mouth  with  water  after  the  treatment  has  liwn  given. 

DR.  EASLICK:  Dr.  Strusser,  I  think  you  had  your  hand  up? 

DR.  ILXRRY  STRUSSER  (Bureau  of  Dentistry,  Xew  York  City). — I  .should  like  to 
ask  a  question,  but  first  I  should  like  to  have  Slide  two  [Table  II]  put  on. 

Since  Dr.  Knutson  has  made  a  point  of  the  j»ro|)hylaxis  and  then  has  changed  it  to 
a  cleansing  to  remove  (»r  thin  ilown  the  materia  alba,  or  wlmtever  material  is  on  the  surface 
of  the  tooth,  wouhl  it  be  possible  to  get  a  better  result  with  the  use  of  a  prophylaxis  and  a 
porte-polisher  so  that  material  is  removed  much  more  effectively  from  the  tooth  surfaces,  ami 
so  that  the  ]H‘netration  of  the  so<1ium  fluoride  might  be  greater  ami  thereby  effect  a  higher 
percentage  caries  reduction  in  areas  which  are  sus«'eptible  and  which  are  not  reached  by  the 
ch'ausing  alone? 

DR.  KXUTSOX. —  I  don’t  know,  but  it  is  possible.-  One  possibility  that  sounds 
better  to  me  right  now,  after  hearing  Dr.  Kesel’s  paper,  is  the  use  of  his  mouthwash  prior 
to  application  to  remove  the  materia  alba. 
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DR.  STRU8SER. — May  I  contiiiiie?  It  seems  that  tlies«‘  results,  then,  (leireml  upon 
jienetratioii  and  tlu‘  thickness  of  that  materia  alba,  ami  if  we  can  remove  it  or  thin  it 
down  as  much  as  possible,  we  mifjht  fj'd  ^  l)etter  and  greater  absor[»tion  of  the  sodium 
fluoride. 

DR.  KNUTSON:  Yes,  1  a<iree,  that  is  a  ])ossibility. 

DR.  EASLICK;  Dr.  .\tkins,  did  you  wan*  the  floor? 

DR.  I’.XUI..  -VTKINS  (Des  Moines,  Iowa). —  1  am  a  practiciii};  dentist,  and,  as  you 
know,  we  have  been  cautioned  by  statisticians  to  evaluate  data  very  carefully.  I  should 
like  to  know  if  Dr.  Knutson  uses  a  rubber  dam  and  if  any  of  the  fluoride  solution  is  carried 
over  to  the  untreated  control  side  of  the  mouth.  1  shoidtl  also  like  to  ask  if  sufficient 
numbers  were  used  from  which  to  draw  definite  i-onclusions. 

DR.  KNI’TSON. — Yes,  sir,  T  think  the  numljers  are  larf>e  enouffh.  .\s  I  showeil  you  in 
our  nefjative  control  group,  which  we  followeil  for  the  first  two  years  with  our  first  study 
group,  the  caries  was  bilaterally  wpial.  The  rate  of  caiies  in  each  half  of  the  mouth  of  the 
controls  was  the  same  as  in  the  control  teeth  of  the  expiuimental  group.  We  didn’t  use  the 
rubber  dam.  We  isolated  the  teeth  with  cotton  rolls,  dried  the  teeth  thoroughly,  and  applied 
the  fluoride  solution.  The  fluoride  solution  was  jiermitted  to  dry  on  the  teeth  about  three 
minutes  liefore  the  jiatient  was  dismissed. 

DR.  .\TK1NS. — Do  you  think  it  is,  as  w<‘  say,  adsorbed?  The*  saliva  doesn’t  come  along 
and  wash  ^ome  over  onto  your  nontreated  side?  Do  you  find  that  in  the  j^aliva  there  is  an 
insufficient  quantity  of  the  solution? 

DR.  KNUTSON. — It  is  possible,  but  it  seems  to  me  the  concentration  of  that  solution 
might  be  very  low,  and,  further,  that  it  would  be  dissipated  in  the  saliva  and  swallowed,  or 
exjiectorated.  There  is  a  jiossibility  of  getting  that  effect.  It  didn’t  show  up  in  our 
stinlies.  The  <‘ontrol  half  of  the  experimental  group  had  as  much  caries  as  either  half  of 
the  mouths  of,  say,  the  negative  control  group.  There  is  some  suggestion  in  a  recent  study 
that  we  may  be  getting  a  slight  retbiction  in  the  control  half  of  the  mouth  also.  I  hojK* 
that  is  true,  in  which  case  over  40  per  cent  is  a  conservative  figure. 


DR.  ATKINS.— That  is  the  main  point  1  wanted  to  bring  out:  You  are  getting  benefit 
on  both  sides,  and  your  comparison  with  your  control  group  is  more  justified  than  your 
two  halves  of  the  mouth. 

DR.  HAROLD  .1.  NOYES  (University  of  Oregon  Dental  School). — Dr.  Knutson. 
I  should  like  to  ask  if  an  analysis  has  been  made  of  the  location  of  the  lesions  which 
appear  in  the  control  and  the  treated  sitle  of  the  mouth? 

DR.  KNUTSON. — In  answer  to  your  question,  1  might  .say  we  were  interesteil  in  that 
early  in  this  stutly  becau.se  it  was  pointeil  out  that  in  areas  where  fluoride  is  normally  in 
the  water  supply  one  part  per  million  and  higher  concentrations,  the  reduction  in  caries  is 
greater  in  the  anterior  teeth.  So,  we  tried  to  determine  where  the  caries  was  reduced  in 
this  group,  but  the  numliers  were  not  large  enough  to  reflect  any  significant  results.  Some 
of  our  mo.st  rei'ent  findings  have  not  been  jtublished  yet,  but  1  think  we  have  sufficient  data 
now  to.  get  the  answer  to  your  question.  We  don’t  have  it  at  present. 


DR.  NOYES. — 1  am  not  only  thinking  of  teeth;  I  am  thinking  of  Surface  areas. 
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I)|{.  KNUTSON. — Tliat  i.s  riglit,  we  have  tlie  rwonls  that  eau  la*  aualyze<l.  In  our 
first  analysis  tliere  was  so  much  variability  that  conclusions  iliil  not  seem  warranted. 

1)H.  NOYES. — It  mi^ht  have  a  bearinfj  on  whether  or  not  it  is  sifj^nificant  to  ^^o  into 
interproximal  spaces  in  considerinjj  the  extent  of  your  prophylaxis. 

DR.  (tENEVIEVE  STEARNS  (University  Hospital,  Iowa  Uity,  Iowa). —  Dr.  Knutson, 
to  j^o  back  to  the  siffniticance  of  the  difference,  do  you  remember,  offhand,  your  standard 
deviations  in  the  control  and  experimental  eroup.’  How  wide  were  those  variations f 

DR.  KNUTSON. — We  made  a  thoroui*hly  stiitistical  analysis  of  the  data  for  the 
fir.«t  study  group,  at  which  time  we  were  concerned  with  answering  the  question,  “Uan 
you  affwt  caries  incidence  with  tojtical  tluoride  solutions?”  That  was  four  years  ago,  and 
I  donT  recall  what  the  standard  deviation  was,  but  certainly  the  difference  betw**en  the 
treated  and  the  control  groups,  by  several  methods  of  testing  the  data,  was  statistically 
significant. 

DR.  STE.\RNS. — 1  am  sure  that  it  was.  I  merely  wanted  to  know,  what  wiis  the 
range  of  variation  thiit  you  got  umong  the  children  of  each  group  in  your  standard 
deviation? 

DR.  KNUTSON. — In  the  amount  i)f  new  caries? 

DR.  STEARNS.— Yes. 

DR.  KNLtTSON. — I  don 't  recall  what  that  was. 

DR.  DON.VI^D  A.  WALL.Vt’E  (American  Dental  Association). — In  relation  to  the 
toxicity  of  the  2  per  cent  solution,  1  believe  you  saiil  that  it  would  take  six  to  eight 
ounces  to  produce  a  serious  effect.  I  don’t  recall  precisely  what  the  reconled  toxic  and  fatal 
doses  are  in  the  formal  college  text,  but  I  believe  five  grams  is  considered  a  fatal  dose  of 
sodium  fluoride,  and  that  is  a  little  more  tiian  would  be  present  in  six  or  eight  ounces  of  a 
2  per  cent  solution.  Le.st  anybody  be  careless  in  his  handling  of  the  2  per  cent  .scdution, 
I  think  it  ought  to  be  understood,  if  I  am  correct,  that  a  2  per  cent  solution,  if  it  is  swallowe<t 
in  any  (|uantity,  is  dangerous,  but  the  amount  tlmt  you  applied  in  your  clinical  work 
probably  is  not  hazardous. 

DR.  KNUTSON. — Thank  you,  I  think  that  is  right. 

DR.  HAMILTON  H.  (L  ROBINSON  (Ohio  State  University). — This  prophylaxis 
or  cleansing  has  intrigued  me  for  some  time,  and  I  can’t  understand  the  significance  of  it. 
If  you  give  a  prophylaxis  to  a  tooth  and  then  you  extract  it,  stain  it,  and  examine  it,  you 
will  fin<l  that  with  a  rubln'r  cup,  or  probably  with  even  a  porte-jadisher,  you  have  not 
removetl  the  plaque  material  or  the  materia  alba,  or  whatever  you  want  to  call  it,  down  in 
the  fissure  or  just  beneath  the  contact  ])oint  where  caries  will  start.  I  wondered  if  you 
had  investigated  the  possibility  that  if  you  removed  the  materia  al})a  because  part  of  the 
fluorine,  a  large  part  of  it,  might  la*  absorbed  into  the  materia  alba  and  reduce  its 
effectiveness  in  the  quantity  that  would  reach  the  tooth.  The  explanation  of  just  removing 
material  and  letting  it  get  into  the  tooth  wouldn’t  hold  up  very  well. 

DR.  KNUTSON. — 1  have  be<m  as  concerned  about  those  things,  I  think,  as  you  have. 
Dr.  Robinson.  In  fact,  there  are  several  things  that  don’t  appear  quite  logical  in  this 
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whole  j)roeei1urc.  For  instance,  one  of  the  thinjis  that  we  have  wondered  about  is,  why  can’t 
one  with  a  thorough  treatment  the  firxt  time  get  as  much  absorption  as  one  does  with  four 
treatments  or  applications?  There  is  no  evidence  that  that  is  true.  I  am  sorry,  but  I 
can’t  answer  your  question  on  the  basis  of  information  now  available. 

DK.  PHILIP  E.  BLACKEHBY  (W.  K.  Kellogg  Foundation).— Dr.  Knutson,  are 
you  jirepared  to  make  a  re<‘ommendation  regarding  tlie  u.se  of  cotton  swabs,  an  atomizer, 
or  other  means  for  the  aj)plication  of  the  fluorine  to  the  tooth? 

DR.  KNUTSON. — Piither  might  be  used,  1  think,  with  tMjual  effectiveness.  It  depends 
upon  the  individual’s  desires.  We  have  used  both.  In  most  of  our  work  we  used  the  cotton 
applicator,  but  the  usual  c«<tton  a})plic:itor  has  twice  too  much  cotton  on  it  to  be  handled 
readily.  If  you  can  control  an  atomizer  an<l  control  the  pressure  on  your  unit  so  thiit  you 
get  it  on  the  tooth  and  don’t  use  it  too  liberally,  that  method  is  also  effe<*tive.  The  main 
thing  is  to  wet  the  surfaces  of  the  teeth  thoroughly.  I  am  not  prepared  to  say  that  one 
method,  either  the  cotton  applicator  or  the  atomizer,  is  more  effective  or  more  efficient. 

DR.  E.\SLICK. — Dr.  Hoffman,  you  requested  (([qiortunity  to  ask  a  <juestion? 

DR.  OLIN  HOFFMAN  (Iowa  State  Department  of  Health). — Yesterday  I  heard 
someone  say  that  Dr.  Knutson  said  that  you  could  drink  six  or  eight  ounces  of  sodium 
fluoride  without  any  danger.  Now,  you  set'  how  that  information  is  distorted  as  it  gets 
around.  I  believe  that  Gould's  Medical  Dictionary  shows  that  four  grams  of  sodium 
fluoride  constitutes  a  fatal  dose,  and  1  think  Dorland  states  that  ten  grams  constitutes  a 
lethal  dose,  so  that  if  you  actually  drank  eight  ounces  of  2  ()er  cent  solution  you  would 
be  getting  ten  grams,  or  maybe  twice  the  amount  that  woidd  be  necessary  to  kill  a  human 
being. 

DR.  KNUTSON. — I  just  want  to  say  that  I  ain  glad  that  point  was  emphasized,  and 
particularly  as  Dr.  Wallace  brought  out,  that  you  are  dealing  with  a  toxic  substance  an<l  that 
there  are  dangers  involved.  On  the  other  hand,  it  may  bt'  important  that  the  2  per  cent  solution 
is  quite  salty  in  taste,  and  it  is  not  likely  that  individuals  would  drink  it,  certainly  not 
with  pleasure. 

DR.  ROBERT  .M.  STEPHAN  (United  States  Public  Health  Service). — I  should 
like  to  comment  on  this  cleansing  effe<‘l.  In  some  of  our  studies  on  the  penetration  of 
detergents  and  substances  through  plaque  material,  I  think  we  showed  that  it  is  rather 
difficult  for  niany  diffusible  substances  to  get  through;  that  is,  it  takes  them  considerable 
time.  Therefore,  with  the  cleaning  of  teeth,  it  is  logical  to  expect  an  increast'  of 
effectiveness.  On  the  other  hand,  of  course,  if  there  were  material  on  the  teeth,  it  would 
tend  to  retain  on  the  teeth  any  fluoride  that  had  been  taken  up  by  that  material.  You 
would  have  a  double  effect,  and,  therefore,  I  think  you  can't  assume  that  you  could  vary 
Dr.  Knutson’s  procedure,  or  the  jirocedures  used  in  cleaning  the  teeth.  In  order  to  get  the 
same  results,  it  may  be  necessary  to  have  two  effects. 

DR.  .1.  M.  WIS-4N  (New  .lersey  State  Department  of  Health). — I  should  like  to 
ask  this  jiractical  (luestion  that  seems  to  be  causing  controversy,  as  to  whether  the  dental 
profession  should  make  the  application,  or  whether  the  auxiliary  ()ersonnel  might  api)ty 
the  solution. 

DR.  KNUTSON. — I  think  from  a  public  health  standj)oint  your  question  is  very 
important.  Dr.  Wisan,  and  the  only  answer  I  can  give  is  one  based  on  my  own  experience, 
in  which  we  used  a  <1ental  hygienist  to  assist  in  making  th<'  applications.  It  is  my  impression 
that  she  ditl  the  job  equally  as  well  as  I  did.  In  talking  about  the  use  of  auxiliary  aides. 
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I  tliink  that  it  is  important  to  determine  wlietlier  or  not  we  shall  reiluee  the  standards  of 
our  methods  of  pnM*e<lure  by  doing  so.  In  this  ease,  I  am  eonvineed  that  we  shall  not.  A 
dental  hygienist  can  treat  approximately  ehildren  a  year  with  a  four-treatment 

series  and  using  the  method  that  I  have  deseiibed,  at  a  eost  slightly  below  a  dollar  per 
series  of  treatments  |»er  child.  Perhaps  the  minimum  nund»er  of  treatments  for  a  child 
should  l)e  about  four  complete  series  «)f  four  applications  each.  You  would  want  to  treat 
the  d<H*iduous  teeth,  let ’s  say,  at  the  age  of  S  years.  Since  the  eff  ects  are  retained,  in  so  far 
as  we  know,  they  would  not  have  to  receive  additional  treatments,  but  you  want  to  treat 
the  teeth  during  the  ja^riod  of  changing  dentition,  from  the  ages  of  <5  to  12  years.  Y’ou 
might  give  a  series  of  treatments  at  ages  .‘1,  7,  1(1,  and  1.1  years.  At  the  age  of  11,  you 
would  get  all  the  permanent  teeth  excepting  the  third  molars.  Now,  we  all  recognize  that  if 
this  work  were  to  be  done  by  dentists,  it  would  cost  appreciably  more,  just  how  much  more 
I  am  not  prepared  to  say.  Others  may  have  *tigure<l  out  what  that  cost  would  t*e  if  the 
dentist  did  the  work  himself,  t’ertainly  every  dentist  who  renders  treatment  for  children 
should  u.se  topical  fluorides  aud  charge  a  fee  comnumsurare  with  other  fees  chargeil  for 
his  service  time. 

DR.  WISAX. — Would  you  please  name  those  suggestive  ages  again.’ 

DR.  KXUTSOX. — 1,  7.  10,  and  l.‘l  years. 

DR.  EASLK’K. — Dr.  Medof,  did  you  have  a  question.' 

DR.  BEX.TAMIX  M.  MEDOF  (Minnesipolis,  Minn.). — Yes,  I  might  have  missed  a 
jHiint  in  listening  to  Dr.  Knutson.  I  wondered  how  long  he  leaves  the  application  on  one 
side  before  he  goes  to  the  other.  Another  rjuestion,  I  should  like  to  know,  is  there  any 
evidence  of  fluorine  being  found  on  the  inside  of  the  enamel  ? 

DR.  KXUTSOX. — After  the  fliutride  solution  is  applied,  it  is  |H»rmitted  to  dry  in  air, 
which  takes  about  three  minutes.  1  might  add  that  in  my  estimate  of  the  number  of 
children  a  dental  hygienist  can  treat,  she  has  three  or  four  children  seated  in  a  row  at  one 
time.  While  the  fluoride  solution  is  drying  on  the  teeth  of  one  child,  she  goes  on  to  the 
next,  so  that  a  minimum  amount  of  time  is  lost. 

I  didn’t  (piite  get  your  .second  question.  I  thought  it  was  concerned  with  the  evidence 
that  fluoride  got  into  the  enamel  ? 

DR.  MEDOF.— Yes. 

DR.  KXUTSOX. — Xo,  there  is  no  sjavifle  evitlence  on  that  subject  at  this  time.  Dr. 
Armstrong  and  I — really  Dr.  Armstrong — tried  to  find  out  whether  there  were  more 
fluoride  in  the  enamel  of  topical  fluoride-treated  dwiduous  twth  extracted  from  the  mouths 
of  some  of  the  children  in  the  study  groups  than  in  the  untreated  teeth,  and  the  results  were 
negative.  However,  he  used  all  of  the  enamel  in  making  the  chemical  analyses,  and  it  is 
not  unlikely,  and  in  fact,  it  seems  logical  and  reasonable,  that  if  the  fluoride  is  taken  into 
the  enamel  as  we  think  it  is,  it  is  merely  adsorbed  on  the  very  outer  surface  of  the 
enamel,  and  therefore  the  relative  amount  of  fluoride  in  terms  of  all  the  enamel  is 
extremely  small. 


DR.  E.\HLI('K. — Dr.  Fosdick,  do  you  still  have  a  question.’ 

DR.  I,.  S.  FOSDIUK  (Xorthwe.stern  University). — Yes.  Dr.  Knutson,  1  should 
like  to  know  the  logic  whereby  you  arrived  at  idacing  the  fluoritle  on  the  teeth  and  letting 
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it  dry.  Because  if  this  is  an  ionic  reaction,  or  an  ionic  exchange,  it  is  rather  ditticult  to  obtain 
that  exchange  from  two  dry  substances.  So,  1  am  just  womlerin;;  the  los'ie  back  of  that. 

DH.  KNUTSON. — 1  am  not  sure  that  I  understand  your  ([uestion.  Mayl>e  I  shoidd  let 
Dr.  s-Xmistronfr  takt*  care  of  it,  but  if  I  do  understand  it,  when  the  surfaces  iire  thorouRldy 
wetted  that  should,  it  seems  to  me,  permit  the  passing;  of  the  Huoride  ions  into  the  enamel. 
Now,  the  drying  part  of  the  procedure  was  a  carry-over  from  the  tirst  studies  where  we 
were  concernetl  about  not  getting  fluoride  solution  on  the  control  half  of  the  mouth.  In  sub- 
se(|uent  studies  we  changed  only  one  of  the  variables  at  a  time,  but  the  drying  part  of  the 
technic  didn't  seem  to  be  one  of  the  tirst  that  we  should  be  concerned  with  changing  in  our 
efforts  to  determine  what  is  the  most  effective  fluoride  solution,  what  is  the  best  con(*entration, 
the  minimum  nundier  of  applications,  and  so  foith.  Does  that  answer  your  (piestion? 

DK.  FOSDK'K.— Yes. 

DK.  EASLICK. — Dr.  Armstrong,  diil  you  <'an'  to  comment.’ 

DK.  W.  D.  AK.MSTKONd  ^  University  of  Minnesota). — 1  have  been  a  little  disturlavd 
this  morning  about  the  suggestion  that  one  couid  drink  six  ounces  of  2  |»er  cent  sodium 
fluoride  solution.  A  do.se  of  four  grams  of  sodium  fluoride  marks  the  limit  In'fore  the  safe  and 
the  dangerous  dose  to  a  human  being  is  derived  from  experiments  in  which  people  have 
Ix'eii  accidentally  killed  with  sodium  fluoride  iind  a  guess  maile  as  to  how  much  sodium 
fluoride  they  got.  For  example,  a  cook  used  sodium  fluoride  insteail  ot  sodium  chloriile  in 
making  pancakes,  and  an  attempt  was  made  to  guess  how  many  pancakes  those  per.sons 
ate  who  died  and  how  many  those  ate  who  survived.  From  the.se  estimates  as  to  how  much 
sodium  fluoride  was  consumed,  the  fatal  dose  figure  was  guessed.  Now,  on  the  other 
hand,  we  should  not  be  too  worried  about  this  matter  because  I  think  it  was  .shown  that 
the  amount  of  sodium  fluoride  solution  of  2  per  cent  strength  whiidi  is  required  to  cover 
or  to  wet  the  entire  tooth  surfaces  of  a  child  under  the  conditions  outlined  by  Dr.  Knutson 
is  one  cubic  centimeter.  Even  if  the  child  swallowed  all  of  tliis,  he  would  certainly  l»t*  within 
the  safe  limit.  Most  of  it  runs  down  off  tlie  tooth  and  is  collected  on  the  cotton  rolls 
which  are  not  ingested,  but  are  discarded. 

DK.  EASLK'K. —  1  am  sorry.  I  tliink  Dr.  Kerr  wanted  the  floor.  We  shall  liave  one 
more  question;  then  we  have  to  take  t!i(*  next  speaker. 

DK.  DONALD  A.  KEKK  (University  of  Michigan). — I  think  there  is  a  little  evi¬ 
dence  from  electroj)hotomicrograj)hs  that  this  process  of  fluorine  in  the  teeth  is  a  surface 
d(*j)osition  rather  than  an  absorption  of  fluorine  into  (‘iiaimd  surface,  or  into  tlie  enamel. 
(Jeiould  has  some  pictures  of  electrophotomicrographs,  in  which  the  teeth  have  been  treat«‘d 
with  fluorine.  The  pictures  show  that  the  fluorine  is  a  surface  nu'chanism. 

DK.  EASLK’K.— Dr.  Gruebbelf 

DK.  .\LLEN  O.  (iKUEBHEL. — Thinking  in  terms  of  the  u.se  of  this  procedure  by 
the  practicing  <lentist  —  (and  1  am  sure  that  Dr.  Knutson  liopes  that  tlie  practicing  dentists 
will  use  this  |)rocedure  routinely  in  tluur  offices),  1  am  concerned  about  some  evidence 
winch  I  don’t  l)elieve  has  lM*en  |ires(“ntt‘d  so  far  as  1  know,  and  which  you  may  have.  It 
may  help  us  in  determining  how  we  can  answer  .■!ome  (piestions  that  art>  very  fre<|uently  a.sked 
of  us  by  the  dentists.  Whether  or  not  the  practicing  demtists  will  adcqit  this  procedure  will 
depend  upon  the  results  they  (Attain  with  it  in  their  own  oflic(>s.  in  my  opinion,  th(*v  will  not 
tiike  the  tiim*  to  make*  :i  sttdistical  nK-ord  of  the  total  nii>nb(*r  of  children  who  r«‘c<*ive 
the  treatment.  They  tire  going  to  judge  it,  by  and  hirgt*,  by  the  r(‘sults  on  individuid  cases. 
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Xow.  niy  <nu‘stii»n  is  this.  What  has  lu'cn  thi*  I'viiliMua"  with  ifs|Kvt  to  the  <listritnition  of 
the  reduction  in  dental  caries  in  tlie  total  |)o|)nlati()n  of  chihlrtai.’  Was  it  limited  to  Ji  small 
jirojtortion  of  the  children,  or  was  it  evenly  distrilniteil  amony;  tlie  children  treated  in  rehition 
to  their  caries  susceptibility  ? 

1)1}.  KXUTtSOX. —  It  w!is  distributed  iibout  as  one  would  expwt  it  to  be  distributed, 
that  is,  jiccordiiifi  to  what  we  frequently  refer  to  as  a  normal  distribution.  .Most  of  the 
children  showed  a  reduction;  some  children  apptirently  had  a  fireater  reduction  than  others; 
and  a  few  of  them,  none.  Hut  1  can  say  that  tlu-  reduction  was  rather  uniformly  distributed 
ainonji  the  children.  In  other  wonls,  it  was  a  common  thiny:  to  see,  if  a  cliihl  had  caries,  a 
cavity  on  the  untreated  side  and  none  on  the  treated  side,  thre«*  on  the  untreateil  side, 
and  two  on  the  trea.ted  side,  and  rarely  the  reverse.  It  has  lu'en  my  impression  amon»' 
dentists  who  are  usint;  topical  Utioride  and  who  have  used  it  for  some  time  tlmt  they  tire 
convinced  in  their  own  practices  thjit  the  results  are  quite  eviilent. 


DK.  EASLK’K. — Out  of  courtesy  to  the  next  speaker,  I  shall  have  to  close  the  dis- 
cussioti  here,  and  we  shall  have  some  more  discussion  of  fluorine  iifter  the  last  speaker 
this  morning;  so  keep  your  discussion  and  questions  available. 

Ittiismuch  as  the  topical  application  of  silver  salts  does  have  some  characteristics 
similar  to  the  topical  ap[>lication  of  fluorides.  Dr.  Helmut  .\.  Zander  very  fjraciously  con¬ 
sented  to  help  us  out  by  discussiiifi,  “The  Effectiveness  of  the  Topical  Application  of 
Silver  Salts  in  the  Control  of  Caries." 

Dr.  Zander  comes  from  Tufts  College  Dental  School  in  Boston  where  he  serves  as 
Associate  Professor  of  Clinical  Dentistry.  Tt  is  a  real  pleasure  for  me  to  present  him  to 
this  audience.  I  doubt  that  anyone  has  taken  his  assijiiiment  more  seriously  and  worked 
more  conscientiously  than  Dr.  Zander  has  (  ii  his  partic’lar  Jissi^nment,  and  I  am  sure  that 
you  will  be  interested  to  hear  what  he  has  to  present.  Dr.  Zander,  ymi  have  the  next 
thirty  minut*‘s. 


THK  EFFIXTIVKNKSS  OF  THE  TOPK’AE  APPLICATION  OF  SILVER 
SALTS  IN  THE  ('ONTROL  OF  CARIES 


IIklmi  t  a.  Zaxdkk,  D.D.S.,  M.S.,  Associatk  Pkokessor  of  Clinical  Dentistry, 
Tcfts  (’oi-lece  Dental  Schooi-,  Boston,  Hass. 

There  isn't  anythin”;  new  about  the  tojiieal  application  of  silver  salts,  or  as 
it  is  now  called,  “imprejination.”  It  was  described  in  1897  by  Frank.  Since 
that  time,  its  use  has  been  continued  with  reports  of  both  success  and  failure 
to  accomi)lish  protection  of  teeth  a”:ainst  dental  caries.  Quotin»r  myself  from  a 
))ai)er  in  1941,  "Too  many  times  in  the  }>ast,  forceful  jiersonalities  and  wishful 
thinkiu”-  have  been  the  substitutes  for  carefully  controlled  experimentation. 
Nowhere  in  dentistry  can  this  be  better  seen  than  in  careful  examination  of  the 
available  literature  on  silver  nitrate  and  its  apiilication  in  the  treatment  of 
dental  caries."  This  statement  still  holds.  Therefore,  if  your  Committee,  after 
I  have  made  such  a  statement,  still  asks  me  to  discuss  this  subject,  I  hoj)e  you 
won't  be  too  surprised  if  I  disrefiard  the  literature  connected  with  the  names 
of  Brooks,  Bryan,  Cleary,  Hoffman,  and  Prime,  and  a  •rood  many  others.  The 
rea.son  for  not  considerinjr  them  is  found  in  the  statement  I  read. 

I  should  like  to  discuss  the  subject  under  two  headiiifis;  1.  Does  topical 
ajiplication  of  silver  salts  protect  tooth  substance  ajjainst  caries?  2.  If  it  does, 
what  is  the  mechanism  of  this  protection? 

^liller  treated  dentin  and  enamel  of  extracted  teeth  with  a  saturated  silver 
nitrate  .solution.  He  then  suspended  the  teeth  in  a  ”:lucose-saliva  mixture  and 
found  that  the  area  of  dentin  treated  with  silvei’  nitrate  did  not  show  as  much 
decaleification  as  did  the  untreated  areas.  This  he  could  not  diijilicate  with 
enamel.  Hiller's  exiieriments  were  rejieated  by  Hill  and  Arnold  in  1936.  They 
observed  that  enamel  treated  with  silver  nitrate  did  not  decalcify  as  rai)idly  as 
untreated  enamel  when  it  was  exposed  to  o  ]H*r  cent  lactic  acid.  This  is  the 
laboratory  evidence  which  I  should  like  to  j)resent  and  discuss  later. 

Now,  for  clinical  data.  Hoffman  subjected  fifty-six  ease  records  of  Prime's 
practice  to  statistical  analysis.  Prime  had  applied  a  solution  of  ammoniated 
silver  nitrate  to  etched  tooth  surfaces;  the  interval  between  individual  applica¬ 
tions  varied  from  three  to  more  than  six  months.  The  number  of  etched  areas 
treated  were  887,  and  the  total  number  of  treatments,  r)3()4,  which  ffives  about 
six  treatments  for  each  surface.  Accordiii”  to  Prime,  "Caries  was  arrested  in 
each  case."  Hoffman  studied  Prime's  record  cards  and  recalled  those  jiatients 
who  had  had  silver  nitrate  applications  at  one  time  or  another  and  examined 
those  surfaces,  which  he  found  to  be  caries  free.  I  hojie  Hoffman  will  discuss 
this  study  later.  There  is  no  control  in  this  study.  However,  one  can  say  that 
the  author's  fifjures  indicate  that,  at  least  in  the  hands  of  Prime,  silver  nitrate 
imi)re5;nation  was  extremely  successful  in  the  prevention  or  control  of  dental 
caries. 

After  Dr.  Wallace's  excellent  |)ai)er  on  the  appraisal  of  dental  literature 
and  Dr.  Knut.son's  objective  report  with  such  statistically  sifjnificant  results,  it 
is  easy  to  see  that  the  available  rei)orts  concerniu”:  silver  nitrate  and  dental 
caries  are  worthless. 
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In  complete  contrast  with  Prime's  work  are  the  fimlinjis  of  Klein  and 
Knutson  in  a  well -control  led  clinical  study  of  TOO  children  5  to  12  year's  of  a»;e. 
They  used  the  same  technic  as  Prime  on  the  rijrht  maxillary  first  irei-manent 
molai-  and  the  left  mandibular  tii-st  molar.  The  other  two  fii-st  molai-s  were 
used  as  controls.  Once  a  year  the  teeth  wei'e  le-tieated,  and  they  were  re¬ 
examined  after  years. 

Table  I  (from  Klein  and  Knutson)  shows  in  detail  the  condition  of  the 
teeth  after  three  and  one-half  years.  Let  us  look  at  the  caries-free’’  in  1937) 
column;  by  1941,  one  or  more  surfaces  became  carious  in  246  ti'eated  and  236 
untreated  maxillary  first  rrrolars,  arrd  irr  194  treated  arrd  225  urrtreated  man¬ 
dibular  first  molars.  On  a  jrercerrta^e  basis,  79  jrer  cerrt  of  the  treated  arrd  77 
per  cerrt  of  the  urrtreated  molars  became  carious.  Thus,  the  tr-eated  arrd  un- 
tr'ealed  teeth  suftVr'ed  apirroximately  the  sanre  car-ies  irrciderrce. 
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♦From  Klein  and  Knutson:  Studies  on  D<-ntal  Caries.  Xlll  Kftect  of  .\nimoniacal  Silver 
Xitrate  on  Caries  in  the  First  I’ermanent  Molar,  J.  .4.  1).  .4.  'i!):  1420,  1042. 

tThe  number  of  teeth  showins  specified  conditions  in  10.‘!7,  and  on  which  the  percentages 
are  based,  are  shown  in  Table  11  (of  Klein  and  Knutson). 

tThirty-five  molars,  nineteen  among  the  T  group  and  sixteen  among  the  C  group,  have 
been  omitted  from  the  analysis,  since  they  showed  carious  lesions  on  three  or  more  surfaces 
or  wer»>  filled  or  extracted. 


The  latest  ]>ropoiieiit  of  the  silver  impreifiratioti  theory  is  (lottlieb.  His 
clinical  evidence  is  based  upon  the  studies  by  Younjrer  juiblished  in  (lottlieb's 
hook,  Dental  Caries.  Twenty-nine  children  between  the  ajies  of  7  and  12, 
who  had  an  avera<2e  of  10.8  cavities  per  child,  were  selected  for  the  experiment. 
All  teeth  with  clinically  visible  carious  lesions  were  then  restored.  Twenty-four 
children  received  an  imprejrnation  with  10  per  cent  silver  nitrate  solution  pre¬ 
cipitated  by  calcium  chloride.  Five  childi-en  were  used  as  a  conti-ol  ^rorip.  At 
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the  end  of  one  year,  the  ehihlren  were  re-exaniinc'd  and  at  the  same  time  re- 
impresiJiated.  At  the  end  of  two  yeai-s,  nineteen  ehihlren  of  the  exi)erimental 
"roll])  and  five  of  the  eontrol  jrronp  were  le-examined.  Now,  ordinarily  we 
eould  simi>ly  state  that  sneh  a  elinieal  study  should  not  he  diseiussed  at  all  be¬ 
cause  obviously  the  number  is  insuffieient.  Beeause  of  the  extreme  interest  in 
(Jottlieb  s  work,  and  beeause  of  the  publieity  whieh  it  bas  received  in  the  past 
few  months,  I  have  studied  these  fijrures  in  detail.  I  found  out  how  many 
cavitie,s  C’hild  No.  1  had,  Thild  No.  2,  and  so  on  down  the  line;  the  ajie  of  each 
one  of  the  children;  and  then,  with  the  kind  helj)  of  ^liss  Hall,  we  took  these 
fijrures  and  tried  our  best  to  see  wbether  there  were  some  statistical  sijniifieanee. 
If  you  will  just  bear  with  me,  1  shall  present  some  of  those  figures  on  the 
board,  realizin"  of  coui*se,  that  the  data  actually  do  not  merit  discussion. 


First  Year  of  Experiment: 

Control  j;roup  4.20 

ExjMMiinental  group  0.4(i 

Difference  ">.74 

Critical  ratio  =  .*1.74  =  S  + 

oTu 

Second  Year  of  Experiment: 

Control  group  0.20 

K.xperiinental  group  O.tiS 

Difference  4.52 


Critical  ratio  =  4.52  =  10  + 
(US 


O.SS  new  cavities 
0.2.‘l  n»*w  cavities 
0.44 


0..SS  new  cavities 
0.21  new  cavities 
0.4S 


The,se  are  the  figures  for  the  first  and  second  years.  In  the  first  year,  the 
incidence  for  the  eontrol  grouj)  was  4.20  cavities  plus  or  minus  0.38,  while  the 
treated  group  had  0.46  plus  or  minus  0.23,  with  a  difference  of  3.74  plus  or 
minus  0.44;  the  critical  ratio,  8  jtlus.  1  am  not  much  of  a  statistician,  but  they 
tell  me  this  is  significant,  if  you  are  satisfied  with  those  figures. 

In  the  second  year,  the  incidence  of  decay  in  the  eontrol  grouj)  was  .^>.20  jdus 
or  minus  0.38;  in  the  ex])erimental  grouj),  0.68  plus  or  minus  0.21;  the  difference, 
4.152  plus  or  minus  0.43.  The  critical  ratio  ecjuals  10  plus. 

There  were  five  subjects  in  the  eontrol  group.  In  the  first  year  those  sub¬ 
jects  had  4.2  cavities,  and  in  the  second  year  they  had  on  top  of  that,  5.2  cavities. 
In  other  words,  in  two  years,  they  got  9.4  cavities.  The  age  group  is  8  to  12 
years.  Those  figures  are  way  out  of  range  of  the  figures  whieh  we  know  are  .the 
noimal  caries  incidence  for  that  age  group.  I  don’t  think  that  having  just  five 
cases  in  the  control  group  justifies  statistical  analysis.  We  do  know  something 
about  the  incidence  of  caries  in  such  an  age  group,  maybe  not  exactly  for 
Dallas,  Texas,  where  those  figures  come  from,  but  for  the  nation  as  a  whole. 
According  to  Klein,  those  figures  are  something  like  1.4  cavities  per  year.  To 
sid)ject  to  rigid  statistical  analysis  Younger's  finding  of  0.46  ±  0.23  new  cavities 
in  the  silver  nitrate-treated  group,  let  us  double  the  standard  error  and  add  this 
to  the  average,  which  gives  us  0.92.  This  comi>ared  with  Klein's  national  aver¬ 
age  is  a  little  more  in  line,  but  still  significant. 

The  i^roblem  is  the  interi^retation  of  these  studies  by  Younger,  Klein,  and 
Knutson,  and  also  the  data  reported  by  Hoffman.  On  the  surface,  these  studies 
give  contradictory  results  which  cannot  be  reconciled.  Taking  for  granted  that 
both  studies  were  carried  out  in  good  faith,  I  shall  try  to  explain  why  I  believe 


Volume  27 
Nunil)cr  3 


CARIES  CONTROL  EVALUATION 


361 


they  may  have  arrived  at  their  conclusions;  Klein  and  Knutson,  that  there  is 
no  value  to  impregnation  with  silver  nitrate;  and  Youn*;er  and  (Sottlieb,  that 
it  has  value  as  a  caries  control  measure.  The  aj;e  jiroup  is  the  same  for  both 
of  these  studies.  One  difference  is  that  Klein  and  Knutson  used  only  two  first 
permanent  molars  for  impre»ination.  Younfjer  impregnated  all  teeth.  Yester¬ 
day  I  asked  the  question  of  I)r.  Arnold  why  there  existed  in  endemic  areas  a 
difference  in  the  reduced  incidence  of  caries  for  some  teeth  when  compared  with 
others.  A  similar  question  was  asked  again  today:  which  teeth  and  which 
surfaces  api)arently  have  a  reduced  incidence  of  dental  caries?  Kobinson’s 
answer  a{)plies  also  for  the  studies  on  silver  nitrate.  Klein  and  Knutson,  I  be¬ 
lieve,  devised  too  difficult  a  task  for  silver  nitrate  by  expecting  it  to  protect  the 
first  permanent  molar.  The  incidence  of  caries  is  so  much  greater  for  this 
ttH)th  than  for  any  other  tooth  in  the  mouth  that  even  in  a  relatively  caries-im¬ 
mune  mouth,  this  tooth  often  shows  a  carious  le.sion,  although  none  of  the  other 
te<“th  have  any  evidence  of  decay.  Silver  nitrate  impregnation  may  afford  the 
tooth  some  resistance  to  caries,  but  not  complete  resistance.  As  far  as  the  first 
molar  is  concerned,  that  increased  resistance  is  not  sufficient.  To  illustrate,  let 
us  assume  that  silver  nitrated  enamel  is  five  times  more  resistant  to  decalcifica¬ 
tion  than  untreated  enamel.  Then  it  would  take  possibly  five  times  as  long  for 
the  carious  process  to  get  started,  or  the  process  has  to  be  five  times  as  strong. 
Now,  these  figures  and  this  whole  i)rincit)le  are  just  empirical  for  the  sake  of 
illustration.  Klein  and  Knutson  impregnated  the  first  permanent  molar  once 
a  year.  The  la.st  impregnation  was  in  the  fall  of  1939;  the  examination  was 
made  in  the  spring  of  1941.  A  year  and  a  half  intervened  between  the  last 
impregnation  of  silver  nitrate.  It  is  indeed  possible  that  the  caries  attack  rate 
for  the  first  permanent  molars  may  far  exceed  any  artificial  caries  immunity. 
Perhai)s  an  experiment  in  which  .sodium  fluoride  was  applied  to  the  permanent 
molai’s  only  would  give  conii)arable  results.  I  am  thinking  now  of  the  over-all 
60  per  cent  reduction  in  dental  caries  due  to  sodium  fluorides  which  is  probably 
an  average  of  90  per  cent  effectiveness  in  the  anterioi-s,  and  30  per  cent  or  less 
in  molar  teeth.  Therefore,  it  seems  logical  that  while  for  the  first  molar  the 
silver  nitrate  impregnation  was  not  sufficient  protection,  it  may  have  been  suf¬ 
ficient  for  some  of  the  other  teeth.  The  caries  mechanism  in  all  its  complexity 
is  more  acute  for  the  first  molar  than  for  any  other  tcKffh. 

Younger  certainly  used  much  too  small  a  group  to  stand  uj)  under  critical 
examination.  However,  his  work  gives  an  indicatioii  that  the  impregnation 
method  may  have  some  value  in  reducing  the  incidence  of  car‘ies.  Much  larger 
groups  must  be  studied  before  Younger’s  and  (Jottlieb’s  claims  can  be  accepted. 

Now,  a  few  words  as  to  the  mechanism  by  which  the  im|)regnation  method 
might  protect  the  tooth.  Prime,  Ross,  and  (Jottlieb  believe  that  it  forms  a 
harrier  to  the  organic  inva.sion  roads  of  dental  caries,  and  that  brings  us  back 
to  the  mechanism  of  dental  caries.  In  previous  discussions  at  this  meeting 
(according  to  Miller's  hypothesis),  it  has  In'en  agree<l  that  in  caries  of  dentin 
a  proteolytic  action  occurs,  while  for  caries  of  enamel  it  is  primarily  an  acid 
action.  (Jottlieb  believes  that  the  organisms  which  are  cai>abte  of  both  pro¬ 
teolytic  action  and  acid  formation  in  the  dentin  are  the  same  organisms  respon- 
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sihle  for  enamel  caries.  IJottlieb  states,  and  I  sliould  like  to  iiuote  from  his 
book,  •‘In  case  of  invasion  of  a  lamella,  where  the  yellow  pi«rmentation  forms 
the  speai'heail,  the  possibility  of  any  ])rei)arin»r  action  by  acid  is  out  of  the  (pies- 
tion.  Only  when  invadiiifr  alon<r  the  prism  sheaths  does  acid  form  the  spearhead. 
And  here  the  situation  merits  discussion.  Althoufih  exceptions  may  be  found, 
acid  alone  rarely  iienetrates  to  the  dentin  throujrh  thick  enamel  without  any 
trace  of  yellow  pigmentation.  It  appears  more  probable  that  the  i)roteolytic 
action  in  the  alrea<ly  invaded  enamel  i)arts  facilitates  projire-ssinj;  penetration 
of  additional  acid  ])roducers.  This  is  true  only  for  enamel.  In  uidiamiHued 
lu-ofTressiiiff  dentin  caries,  the  sijjns  of  acid  action  make  the  spearhead  as  a 
rule.”  In  other  words,  (Jottlieb,  who  uses  yellow  pi”:mentation  and  proteolysis 
intei-chan<reably,  believes  that  this  is  the  fii-st  sijrii  of  caries  which  stai-ts  at  a 
lamella.  In  other  types  of  be'iinninv:  caries,  acid  action  is  of  i)rime  importance. 
He  feels  that  the  difference  is  that  the  lamella  oiijanic  invasion  roads,  as  he 
constantly  rejteats,  are  the  more  common  bejiinnim^  areas  of  caries.  Therefore, 
an  obstruction  of  these  roads  by  an  insoluble  salt  is  his  explanation  of  the 
mechanism  of  silver  im pre» nation.  I  should  like  to  point  out  that  he  now  recom¬ 
mends  a  oO  per  cent  solution  of  zinc  chloride  followed  by  a  10  per  cent  solution 
of  zinc  ferrocyanide  instead  of  the  silver  impresruation  we  are  talkinjr  about 
today.  The  i)rincii)le  of  its  action  he  claims  to  be  the  same  as  in  the  use  of 
silver  nitrate.  Now,  the  action  of  silvei-  nitrate  solutions  is  not  ju.st  one  on 
the  orfjanic  substance  of  the  enamel.  Arnold  and  Hill  demonstrated,  on  pow¬ 
dered  enamel,  that  the  silver  combined  principally  with  the  inor»ranic  material 
of  the  enamel;  only  a  small  fraction  of  the  silver  sidts  were  found  in  combina¬ 
tion  with  the  orjranic  substance.  Wliile  these  exi)eriments  carried  out  on  pow- 
deied  enamel  are  not  directly  applicabh*  to  the  intact  enamel  of  human  beinjfs. 
they  indicate  that  we  <lo  not  just  simply  obstruct  “the  orjianic  invasion  roads,” 
to  u.se  (lottlieb's  terminolojiy. 

Therefore,  in  summaiw,  the  mechanism  by  which  the  application  of  silver 
.sails  on  enamel  affor«ls  ])rotection  may  be  an  obstruction  of  the  orfranic  material 
or  an  alteration  of  the  inoiiranic  material  to  make  it  more  resistant  to  decalci¬ 
fication  by  acids. 


Now,  hcforc  I  coiiclinlc,  1  lM*licvc  I  Iihvc  iilioiit  two  or  three-  minutes  more? 

DIt.  EASLICK. —  Ves,  iilieiol. 

1>K.  Z.XNDEH. —  1  sliouhl  like-  tee  make-  a  |»le-a  for  silver  nitrate.  .Vfter  yeeu  have  hearil 
iihout  the  tine  stutlies  etn  topie-al  ie|i|>lieatie»ns  e»f  soilium  tlueerieh-,  this,,  as  1  mentioneel, 
is  an  antielimu.x.  .My  ,jol»  wouhl  he  mm-li  more-  |ih-asant  if  1  were-  able  tei  show  you  a 
table  of  }<e»oil  elata  ami  a  <-intt  redle-l  e-.\|i(-rime-ntal  se-tu|>  to  preeve-  that  silver  nitrate  is 

worth  somethinjf  or  is  not  worth  some-thin^;.  Considering;  the-  available  e-vielene-e,  1,  for  one, 

eannot  i  onelusively  state  that  silve-i  nitrate  solution  alfouls  protection  tee  the  enamel  of 

teeth.  On  the  eethe-r  haml,  1  wemld  not  cemiplete-ly  dise-ard  the  the-eere-tie-al  appretae-h  of 
(iottlieb,  the  thorouj;h  work  of  Klein  and  others,  mer  llolfinan's  observations  of  Prime’s 
work.  What  we-  ne-e-d  is  a  eeimpre-ln-ne-ive-  study  eompariny  the-  re-lalive-  value  of  topie-nl 

a[i])li(-ations  of  silve-r  nitiiite  ami  sevlinm  tlneiride-.  Once-  iend  for  all,  silve-r  nitrate  sheeuhl  have 
an  ojeportunity  either  to  prove  or  disprove  itself.  There  are  many  public  health  workers 
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liori':  |H‘rlin|>.s  ont*  of  lliom  will  fjo  lioiuc  with  the  possihilif iof  of  >iilvor  nitratP  in  niin<l  as 
well  as  tho  actualities  of  soiliiini  fluoride. 

Thank  you. 

Discrssio.x 

T)R.  E.\SLirK. — Thanks  very  much,  I)r.  Zanihw.  And  I  should  like  to  assure  you, 
for  whatever  the  evitlence  is  worth,  my  sliirt  never  had  dental  caries. 

Dr.  Zander’s  presentation  is  now  open  for  discussion. 

DH.  J.  M.  WISAX  (Xew  Jersey  Sta.te  Department  of  Health). — I  should  like  to 
a.sk  a  fpiestion  of  hotli  Dr.  Zander  and  Dr.  Knutson.  In  the  liylit  of  their  studies,  ilo  they 
consider  that  the  filling;  of  pits  and  fissures,  wliich  a  sharp  explorer  dete<*ts,  without 
ohseivahle  decay  is  a  justifiahle  procedure? 

DR.  Z.VXDKR. — My  answer  to  this  question  is  not  based  upon  scientific  ex|)eriments. 
Tliis  is  an  opinion  made  after  seeinj^  hundreds  of  child  patients,  that  one  is  not  justified 
in  lettinj;  jtits  and  fissures  fjo  with  just  applications  of  drugs.  I  do  believe  that  they 
should  lx*  filled.  This  is  a  goctd  point  which  you  brought  out,  and  I  am  glad  I  have  a  cimnce 
to  sjieak  for  one  more  second.  Looking  over  this  program  on  the  “Control  of  Dental  Caries,” 
we  see  much  about  many  drugs,  liut  no  mention  of  good  ojmrative  dentistry  and  some  of 
tlie  procedures  of  careful  diagnosis,  which  in  many  an  office  have  controlled  dental  caries 
to  such  an  extent  that  for  ir.any  years  the  people  haven't  lost  their  teeth.  , 

DR.  EASTHCK. — Dr.  Knutson,  do  you  want  to  get  on  the  record,  too,  sim'e  this 
question  was  directed  to  both  of  you? 

DR.  JOHX  W,  KXUTSOX  (United  States  Public  Health  Service).— Even  before 
topical  fluorides  came  on  the  scene,  T  was  of  tlie  opinion  that  if  children,  or  imlividuals,  got 
to  the  dentist  at  regular  intervals,  as  determined  by  the  dentist,  one  wouldn't  have  to 
worry  about  filling  pits  and  fissures  which  might  not  Itecome  carious.  Certainly  if  children 
dill  get  to  the  dentist  at  regular  intervals,  there  would  be  plenty  of  ttvth  to  till  that  were 
actually  carious. 

DR.  EASLK'K:  Dr.  Hoffman? 

DR.  OIHX  E.  HOFFMAX  (Iowa  State  Department  of  Health). — I  should  like  to 
say  at  the  onset  that  Dr.  Zander  certainly  gave  a  very  fine  pres«‘ntation  and  was  very  fair 
with  all  the  contestants.  Dr.  Zander  did  not.  however,  bring  out  the  fact  that  the  twhuics 
u.sed  by  Dr.  Prime  and  Dr.  Knutson  were  different.  He  had  the  impression  that  the 
technic  of  the  use  of  silver  nitrate  to  arrest  caries  was  the  same.  Xow,  as  I  understand 
Dr.  Knutson’s  technic,  he  merely  applied  the  silver  nitrate  to  the  |K>rtion  of  the  twth  with 
cotton,  i.solating  the  quadrant  with  cotton  rolls.  Is  that  right.  Dr.  Kiuitson? 

DR.  KXUTSOX.— Yes. 

DR.  H()I'FM.\X. — You  did  not  use  tlu>  rublH'r  dam  in  th»>  application,  did  you? 


DR.  KXUTSOX.-  Tlmt  is  right. 


DR.  IK^FFM.XX. —  Xow,  that  is  one  of  the  chief  points  of  difference.  Dr.  Zander.  It 
will  corr**ct  the  large  differmice  in  the  coiiclusious  that  were  reached  in  thost*  two  pre¬ 
sentations.  Dr.  Prime  first  gave  a  propliylaxis,  and  he  did  just  the  tiling  that  Dr.  Zander 
has  iM'en  encouraging,  which  all  of  us  wish  to  (mcoiirage;  that  is,  good  o|H‘rative  dentistry. 
Dr.  Prime  filled  all  of  thosi*  (H'ciisal  surfaces.  The\  were  all  tilled;  he  did  not  de|K“ud  on 
silver  nitrate  to  take  care  of  the  (h-cIiisiiI  surfaces.  Dr.  .\tkins  ami  1  treated  forty  children, 
ranging  in  age  from  4  to  17,  over  a  live  year  period  of  time.  We  treated  both  the  proximal 
surfaces  and  the  occlusal  surfaces  twice  a  year.  We  tiiiislusi  with  twenty  children;  the 
proximal  caries  was  arrested,  but  the  ih-cIiisiiI  caiies  was  not.  You  can't  stiq>  iH'clu.sal 
caries  with  silver  nitrate.  You  can  slow  it  down,  but  you  can’t  stop  it.  Dut  Dr.  Prime  wouhl 
give  a  |irophylaxis  and  then  under  the  riiblHM  dam  would  apply  silver  nitrate  to  all  of  the 
surfaces,  the  whole  crown  portion  under  the  iiibb.o-  dam,  and  then  he  would  take  the 
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iiild  iiittM'proxiiiuil  Jlc  woiilil  nil>  in  tin*  silvt'r  nitratn  (»ii  llio  surface 

(if  llu‘  toodi  s(t  tliat  the  .xilvni  nitratn  woiilil  |u‘iict rat<‘  tin*  placjiu*,  or  Rostroy  tlio  |>la(|iu-,  anil 
luh  it  on  till'  |iroxinial  snrfaia*.  'Pliat  is  tin*  reason  why  he  olitaineil  sneh  ••(toil  results  over 
many  years  that  he  useil  it  in  his  pritetiee,  Init  he  ilid  not  ilep.enil  ujion  it  to  arrest  oeelnsal 
earies. 

DH.  EASLK’K. — Is  there  anythiiifj  further,  Dr.  Knutson? 

DR.  KXUTSOX’. — 1  am  glail  that  you  pointed  out  the  differenees  in  teehnie,  Dr.  Hoff¬ 
man,  lieeause  uji  until  the  time  that  that  was  pointed  out,  1  rather  olijeeted  to  the  eompar- 
ison.  We  had  500  eases  in  our  study,  whereas  Younger  had  only  nineteen  treated  and  five 
eontrol  individuals  in  his  study.  Furthermore,  it  is  elear  that  the  five  persons  in  his 
control  group  had  an  extremely  high  earies  attack  rate,  four  to  five  decayed  teeth  per  person 
per  year,  and  a  high  average  is  one  jier  year.  We  know  from  this  that  he  had  an 
exceptional  control  group.  In  s[)ite  of  that  extremely  high  rate,  the  application  of  statistical 
methods  to  the  data  and  the  calculation  of  standard  errors  appear  to  have  given  additional 
meaning  to  those  figures  to  Dr.  Zander,  which  1  don ’t  think  is  wananted.  In  making 
comparisons  of  these  data,  it  is  important  that  we  he  familiar  with  the  characteristics  of 
dental  caries  in  jiopulation  groups.  There  is  great  variability  in  the  number  of  carious 
teeth  among  individuals.  The  average  incidence  may  be  three-fourths  to  one  decayed  tooth 
per.  jierson  tier  year  for  large  groups,  but  in  exceptional  individuals,  it  may  be  five,  six, 
or  seven,  so  that  if  we  have  a  control  group  consisiting  of  five  individuals  who  are  obviously 
exceptional  cases,  we  need  to  be  very  careful  about  our  interpretations. 

Another  jioint  that  Dr.  Zander  brought  out  that  I  think  one  has  to  strain  a  little 
bit  to  follow  or  to  agree  with  is  that  since  our  re-e.xaminations  were  a  year  apart,  .sufficient 
time  may  have  elapsed  to  give  the  teeth  treated  with  silver  nitrate  time  to  become  carious 
to  the  same  extent  as  the  control  teeth.  Any  real  differemce  in  attack  rates,  as  has  been 
demonstrated  in  studies  concerned  with  tojiical  fluorides  and  fluoride  wati'rs,  is  reflected  in 
the  age  specific  prevalence  rates. 

DR.  E.\HLIt'K. — Dr.  Zander,  do  you  wish  to  comment? 

DR.  ZAXDER. — Dr.  Robinson  is  going  to,  I  think. 

DR.  IIAMILTOX  B.  (i.  ROBIXSOX  (Ohio  State  University). — There  is  a  very 
important  jioint  that  is  beginning  to  develop  here,  that  there  seem  to  be  two  groups  of  ideas 
on  what  dental  caries  contrid  is.  There  is  a  group  whicli  thinks  we  are  discussing  dental 
caries  control  as  a  mass  control  measure  only;  and  there  is  another  group  that  has  the  concept 
“What  is  ilental  caries  control  for  my  individual  patient?”  Xow,  the  type  of  dental 
caries  control  which  Dr.  Knutson  is  talking  about  is  mass  control  of  dental  caries.  That  is 
the  way  he  is  trained;  that  is  the  way  he  thinks;  that  is  the  way  the  Public  Hciilth 
jieople  want  it.  1,  for  my  jtart,  iim  on  neither  side;  I  want  to  see  both  approaches  develo|H‘d.  I 
want  to  be  able  to  tell  a  student  in  .school  how  to  take  care  of  his  piitient  individually  and 
how  to  reduce  mass  caries  at  the  same  time.  The  figures  come  out  differently  be<‘uuse  of 
different  ajiproaches.  You,  Dr.  Knutson,  want  to  find  an  approach  that  can  Im-  used  on  a 
ma.ss  of  people  and  which  will  reduce  the  caries  of  that  mass  of  people.  When  Dr.  Knutson  .said 
there  was  a  40  |)<*r  cent  reduction  in  caries  with  the  use  of  topically  applied  sodium  fluoride, 
that  does  not  mean  that  if  you  use  his  method  on  a  ciiild  in  your  office  the  child  is  going 
to  have  40  per  cent  less  caries.  It  means  that  in  a  mass  of  the  population  there  will  be  a 
4(»  per  cent  reduction.  In  a  certain  individual  in  your  office  it  might  not  produce  any 
reduction  at  all;  in  another  one,  it  might  entirely  stop  caries.  The  private  practitioner  has 
an  opportunity  to  do  more  things.  Every  time  a  careful  ojs'rator  like  Prime  applies  silver 
nitrate  in  an  office,  he  not  only  applies  silver  nitrate,  but  he  treats  the  patient  and  he  takes 
care  of  the  ojH'rative  work.  There  still  is  no  substitute  for  metal  tind  plastics  for  filling 
holes  in  teeth.  You  can’t  fill  them  with  fluorine;  you  can’t  fill  them  with  orange  juice,  nor 
with  vitamin  1).  You  luive  to  fill  them  with  gold,  amalgam,  cement,  or  plastic.  We  have  to 
remember  that  point  in  considering  thest*  opposed  views.  The  man  who  applies  silver  nitrate 
carefully  and  gives  a  j)ro[)hylaxis  for  individuitlly  selected,  caieftdly  tretited  cases  may,  and 
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very  j)roba))ly  will,  show  a  reAuetion  in  caries  in  those  office  patients.  Hut  the  other  fjroup 
is  looking  for  a  method  that  can  be  applied  to  a  mass  of  the  population  and  bring  down  the 
caries  rate  without  having  to  give  all  this  tyiK'  of  individual  care.  So,  I  think  that  we  have  to 
think  of  two  types  of  caries  control:  That  which  the  men  who  are  in  the  offices  are  going 
to  take  back  to  use,  which  might  be  far  different  from  caries  control  as  we  think  of  it 
for  a  mass  population  purpose. 

DR.  KNUTSON. — I  am  st)rry  I  must  disagree  again  this  morning,  this  time  with  tlie 
])oint  that  Dr.  Robinson  was  trying  to  make.  I  don’t  think  we  are  talking  about  different 
things  at  all.  If  a  pror'edure  is  effective  for  the  individual,  then  it  should  Ik*  effective 
for  numbers  of  individuals.  If  it  is  a  partial  control  procedure,  siuh  as  the  use  of 
(H‘nicillin  in  the  treatment  of  osteomyelitis,  it  might  1h*  effective  in  only  80  iK*r  cent  of  the 
cases  and,  therefore,  you  can’t  assure  a  given  patient  who  has  the  dist*ase  that  you  are  going 
to  cure  his  osteomyelitis.  The  use  of  topical  fluorides  is  a  partial  preventive,  and  we  can’t 
predict  which  individual  is  going  to  get  the  greatest  benefit  from  it.  As  I  see  it,  there  is 
no  real  difference  between  effective  public  health  procedures  and  effective  procedures  used  by 
the  private  practitioner.  What  difference  there  is,  is  based  wholly  on  practical  considerations. 
From  a  public  health  standpoint,  procedures  that  don’t  cost  too  much  and  that  can  be 
applied  effectively  to  the  mass  population  are  most  likely  to  be  adopted  for  use.  I  wonder 
if  Dr.  Hall  might  want  to  shed  some  light  on  this  point  of  disagreement. 

DR.  EASLICK. — Dr.  Hall,  you  have  the  floor. 

DR.  MARGUERITE  F.  HALL  (University  of  Michigan).— Well,  I  think  it  is  sort 
of  wonderful  to  Ire  a  statistician  on  the  outside  and  to  be  working  with  these  professional 
people.  I  should  like  to  point  out  that  both  Dr.  Knutson  and  Dr.  Robinson  are  right.  It  is 
wonderful  to  encourage  the  private  practitioner  to  have  a  little  research  attitude  and  to  try 
and  analyze  his  data,  even  though  the  data  are  limited.  And  the  value  of  some  of  the 
statistics,  as  Dr.  Zander  pointed  out,  is  e.xcellent  to  indicate  that  there  is  something  in  small 
samples  when  you  have  faith  in  the  comparative  value  ^within  the  sample  itself.  And  the 
professional  man  comes  to  the  foreground  in  his  consideration  of  that  control  group  made 
up  of  the  Texas  people  by  saying  “sure,  those  five  cases  are  absolutely  ones.’’  It  would  be 
just  as  though  in  the  height  illustration  we  selected  all  the  Alton,  Illinois,  giants.  And  that 
is  what  happened.  But  Dr.  Zander  tried  to  do  something  with  the  material  by  taking  the 
large  .sample  of  control  individuals,  through  some  of  the  work  that  has  bet*n  previously 
done,  and  still  show  that  even  though  the  control  group  on  the  large  sample  producetl  the 
1.4,  Dr.  Younger  from  Dallas  had  an  experimental  group  which  still  might  be  of  some  value. 
Now,  there  are  other  statistical  interpretations  that  Dr.  Zander  <lidn ’t  give  which  wouhl 
come  in  if  the  material  were  really  played  out  by  the  statistician,  but  usually  the  statistician 
drops  from  the  scene  as  soon  as  the  professional  man  h.as  rec*eived  the  help  that  lie  has  taken 
from  the  use  of  statistics  as  a  tool.  I  definitely  have  l)een  appreciating  this  work  this  wwk 
in  seeing  the  recognition  that  the  professional  man  is  giving  to  all  the  tools  that  he  can 
have  at  his  disposal,  and  stati.stics  happens  to  be  one  of  those  tools. 

DR.  EASLIK. — Now,  Dr.  Wi.san,  you  requested  the  floor. 

DR.  J.  M.  WISAN. — I  should  like  to  suggest  that  we  susjK'ct  the  figure  of  one  cavity 
per  year  in  children.  My  basis  for  susiKH'ting  thesH*  data  is  the  experience  that  we  have  had 
in  New  Jersey  with  approximately  10,t)()0  children  treatwl  by  approximately  100  different 
dentists  who  found  an  average  of  thrt*e  fillings  j>er  year  r«H|uired  per  child. 

DR.  ZANDER. — I  should  like  to  g«*t  into  tliis  apparent  dissertation  between  Dr.  Robinson 
and  Dr.  Knutson.  1  actually  let  Dr.  Robinson  S|K*ak  when  1  .should  have  answered  you  in 
the  first  pl:ic«*,  but  I  tliought  lie  could  do  it  just  as  well,  or  proliably  bclti'r.  Now,  :»s  I  said, 
statistics  are  fine,  but  I  also  have  some  logic.  1  am  a  liuman  iM'iug;  1  am  a  d«*utist  and 
see  certain  things.  If  I  go  home  from  this  conference,  as  it  has  Is'cn  developed,  my  clinic 
jiatients  a.sk  “What  is  the  latest"  Is  fluoride  all  right?’’  And  1  say,  “In  40  p«*r  cent  of 
the  cases  sodium  fluoride  does  reduce  caries,’’  or  1  say,  “Forty  |K*r  cent  of  the  caries  iiici- 
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(lence  can  be  reduced.”  Xuw,  how  it  looks  in  the  individual  case  is  of  some  iinportance 
both  from  a  public  health  point  of  view  and  also  from  the  private  practitioner’s  point  of 
view.  If  you  apply  this  to  a  very  susce])tible  patient,  don’t  worry  at  all  about  the  causes 
of  his  susceptibility.  Don’t  worry  at  all  about  the  mechanism  of  caries  in  his  or  in  any 
other  case.  .\11  you  do  in  such  a  case  is  apply  topically  sodium  fluoride.  I  don’t  believe 
that  in  this  piirticular  imlividual  you  will  find  that  he  has  40  per  cent  less  decay  one  year 
from  now.  If  you  would  take  the  indiviilual  whost*  caries  su-xceptibility,  as  indicated  by  past 
and  present  experience,  lactobacillus  count,  and  so  on,  are  fairly  low,  that  individual  who 
is  on  the  other  side  of  the  statistics  and  only  gets  one  or  two  cavities  per  year,  you  may  find 
in  that  particular  individual  an  eradication  of  dental  caries.  The  reason  for  this  may  be 
found  in  the  mechanism  by  which  sodium  fluoride  protects  the  tooth  and/or  the  caries 
mechanism.  While  this  factor  may  not  be  so  important  to  the  statistician  who  studies  a 
large  number  of  figures  for  the  whole  population,  it  is  very  important  to  the  indivitliial 
dentist  ami  to  the  individual  |)atient.  Perhaps  some  day  we  shall  be  able  to  predict  those 
ca.«es  in  which  sotlium  fluoriile  will  and  will  not  be  ♦•ffective.  This  ])oint,  up  to  now,  hadn’t 
been  brought  out  too  well,  and  that  is  what  I  believe  Dr.  Kobinson  .ami  I  are  driving  at. 

DR.  KXUTSOX. — I  just  want  to  rise  to  point  out  tliat  I  finally  arrived  at  tlie  (4on- 
clusion  that  I  was  wrong.  I  misinter|)rete<l  the  meaning  of  Dr.  Robinson’s  remarks.  My 
misunderstanding  was  on  the  j>oint  of  essential  difference  between  tlie  interest  of  the  public 
health  worker  and  the  private  practitioner  in  the  patient.  I  am  sorry  I  made  that  misinterpre¬ 
tation  of  your  remarks. 

DR.  ROBIXSOX. — I  was  going  to  say  that  was  my  intent,  and  I  also  want  to  say 
that  I  recommend  that  the  individual  dentist  use  topically  apidied  xodiuiu  fluoride,  but  he  is 
not  going  to  see  the  results  the  same  way  you  do.  You  are  8(‘eing  a  40  per  cent  reduction, 
and  he  might  see  a  100  per  cent  reduction  or  zero  reduction.  He  has  to  think  of  the 
individual,  and  you  have  to  think  as  a  public  health  man. 

DR.  KXUTSOX. — That  is  right.  Tlie  point  should  be  brought  out,  too,  that  by  and 
large,  dentists  have  not  been  accustomeil  to  remlering  preventive  services.  They  don’t  know 
how  to  charge  for  preventive  measures — cdiarge  their  patients  a  fee  for  them.  I  agree  with 
you  and  with  Dr.  Gruebbel,  who  brought  out  the  point  earlier  that  several  problems  remain 
to  be  solved  in  connection  with  this  whole  matter  of  using  a  jireventive  agent,  and  [larticularly, 
one  which  is  a  jiartial  pieventive. 

DR.  EASLIK. — Along  about  this  time  on  previous  mornings  we  had  a  “wiggle”  period, 
and  if  .«ome  of  you  will  keeji  your  (piestions,  although  we  are  running  far  behind  this  morn¬ 
ing,  we  shall  have  a  five-minute  wiggle  period  and  then  reconvene. 

DR.  EASLK'K. — Ladies  and  gentlemen,  if  you  will  come  to  order,  I  should  like  to 
jireseiit  the  final  sjieaker  in  this  symposium  on  fluorine.  He  has  arrived  in  Ann  Arbor 
almost  out  of  breath,  because  of  a  combination  of  jiroblems  which  I  understand  arose  from 
accepting  a  new  jiosition,  from  house  hunting,  and  from  the  arrival  of  the  stork,  which  I 
suppose  one  could  classify  as  house  breaking! 

Anyhow,  we  certainly  are  glad  to  see  you  here.  Dr.  Bibby,  and  because  of  the  un¬ 
usual  effort  that  you  have  exerted  to  join  this  Workshop  group,  I  think  you  are  almost 
entitled  to  the  ovation  that  the  Massachusetts  hygienists  have  given  you  in  a  recent  article. 

Dr.  Bibby  comes  very,  very  recently  from  Rochester,  X'ew  York,  where  he  has  ac¬ 
cepted  the  position  of  Director  of  the  Eastman  Dental  Dispensary.  He  has,  however, 
scarcely  stepped  out  of  the  Dean’s  office  of  Tufts  College  Dental  School.  The  subject 
assigned  to  him  is  “Fluoride  Mouthwashes,  Fluoride  Dentifrices,  and  Other  Uses  of 
Fluorides  in  the  Control  of  Caries.”  That  about  covers  the  field,  I  think.  Dr.  Bibbj',  and 
I  am  glad  to  present  you  to  this  group. 
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I  think  jiroliably  tlie  best  way  of  introdiieinj;  what  I  am  "oin*;  to  reiiort,  a 
"ood  deal  of  which  is  work  wliieh  I  have  been  instinniental  in  instijiatiinj:,  is  to 
say  that  after  the  initial  demonstration  that  there  was  a  reduetion  in  dental 
caries  resulting  from  the  ajiiilieation  of  sodium  fluoride,  it  seemed  to  me  that  the 
imi)ortant  thin"  to  do  was  to  see  if  we  could  im])rove  uixm  the  effectiveness  of 
the  jirocedure  which  we  had  run  u])on  jiurely  in  a  hit  or  miss  way.  It  happens 
that  we  had  been  associated  for  some  time  with  investigations  tryiii"  to  deter¬ 
mine  the  mode  of  action  of  fluorine  in  ])reventin‘;  dental  caries.  Out  of  those 
investifrations  we  came  to  the  tentative  conclusion  (jierhaps  we  stated  it  more 
than  tentatively)  that  fluorine  was  effective  largely  as  the  result  of  redueinjr  the 
solubility  of  the  enamel  and  thereby  makinsr  it  more  resistant  to  an  attack  of 
dental  caries.  Obviously  such  an  hyimthesis  has  little  value  unless  it  has  proof. 
Therefore,  in  startiii"  the  initial  study  on  fluoride  ap])licafion,  wc  had  in  mind 
two  ])uri)oses.  The  fiiNt  was  to  test  the  rijjhtness  of  our  theory  on  the  mode  of 
action.  The  second  was  that  by  chance  we  mi»;ht  strike  somethin"  which  would 
"ive  rise  to  a  new  approach  to  caries  control. 

There  were  no  jiuide  posts;  no  one  had  ever  before  described  a  method  for 
usiii"  fluorides  in  the  mouth.  Beiii"  cautious,  we  started  off  with  one-tenth  of 
one  ]ier  cent  solution  of  sodium  fluoride.  Since  it  was  thiity  miles  to  Brockton 
where  we  started  our  study,  and  since  my  car  wasn't  too  reliable  and  the  snows 
in  New  En"land  are  somewhat  unpredictable,  I  arranged,  as  well  as  I  could,  to 
set  down  to  Brockton  in  the  better  weather  and  at  times  convenient  for  the  school 
system.  That  is  why  we  "ave  treatments  at  intervals  of  approximatelv  four 
months,  or  three  times  a  year.  The  "roup  of  children  was  as  lar"e  as  we  could 
conveniently  collect.  We  started  off  with  more  than  one  hundred,  and  so  had 
the  mystic  advanta"e  of  haviii"  crossed  the  century  mark  when  wc  started.  So 
this  somewhat  unscientific  experiment  was  started  and  "ave  "0(h1  results.  From 
then  on,  my  activities  in  the  clinical  fluorine  studies  have  been  rather  unfortunate. 

At  this  ])oint  we  thoipiht  we  would  become  scientific  and  make  a  laboratory 
approach  to  the  problem  and  really  find  somethin"  which  instead  of  reducin" 
dental  caries  by  40  per  cent  as  sodium  fluoride  does,  mi"ht  reduce  it  by  Ob  per 
cent,  or  even  96  per  cent,  and  on  up.  Accordin"ly,  we  initiated  laboratory  studies 
with  the  idea  of  subseiiuently  aiijilyiii"  findin"s  in  clinical  tests.  That  was  one 
aspect  of  the  problem.  Another  approach  to  improviii"  the  efficiency  of  fluoride 
theratiy  was  based  on  fhe  idea  that  since  the  somewhat  casual  method  we  em- 
jiloyed  in  Brockton  of  brin"inf;  fluoride  in  confacf  wifh  fhe  foofh  surfaces  seemed 
to  work,  a  modified  clinical  ]U()cedure  mi"ht  be  much  more  effective.  We  en¬ 
visioned  a  procedure  which  would  not  only  be  more  effective  but  would  also  be 
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siin))lc*r  .so  tliat  it  could  he  more  "oiu'rally  used  both  in  dental  practice  and  as  a 
imhlie  health  method.  With  those  thoufjhts  in  mind,  we  caiTied  out  studies  in 
both  fields. 

TIIK  LABOK.\T()RY  STUDIKS 

Our  laboratory  studies  indicated  that  there  were  at  least  thirteen  other  ele¬ 
ments  which  reduced  enamel  solubility  a  fireat  deal  more  effectively  than  did 
tluorine.  We  thought  that  in  those  thirte<‘n  elements  we  misfht  find  soniethiiifr 
which  would  ])roduce  a  greater  reduction  of  dental  earies.  We  also  found  that 
the  soluhility-reducinjr  effect  of  fluoride  was  stei)p(‘d  uj)  when  we  used  an  acid 
medium.  The  last  finding:  was  put  to  clinical  api>licalion  and  clinical  studies 
were  also  instituted,  some  ai^ents  other  than  fluorides  hein»:  used.  So  much  for 
the  laboratory  hack<rround. 

CmXIC.VL  STUDIKS 

As  to  the  types  of  methods  with  which  we  exiierimented  to  try  to  see  if  we 
could  fjet  a  more  jjenerally  applicable  procedure.  I  can  list  the  followim;:  The 
use  of  lead  fluoride,  the  use  of  acidulated  fluorides,  the  use  of  indium  nitrate, 
and  some  other  agents. 

The  results  of  only  some  of  these  te.sts,  about  one-half  of  them,  are  now  avail¬ 
able,  and  here  is  the  record  of  what  we  found,  tofrether  with  an  anal.vsis  of  work 
by  others  who  have  entered  the  field.  We  shall  limit  ourselves  to  consideriii" 
uses  other  than  tojiical  ai)i)lications  of  fluoride,  and  the  use  of  substances  other 
than  sodium  fluoride. 

The  J’se  of  Month  Woshe.s. — Atkins  first  recommended  the  u.se  of  a  sodium 
fluoride  mouthwash.  He  used  a  mouthwa.sh  containiufr  about  four  parts  per 
million  of  fluorine  ap|)lied  after  a  thorough  cleanino:  after  meals.  He  reports 
results  on  twenty  jiatients  and  found  an  ST  i)er  eent  reduction  in  the  lactobacillus 
count  in  his  firoup.  We  set  uj)  anothei-  .study,  usinir  thirty-one  students  with  a 
mouthwash  which  we  concocted.  At  this  time  we  had  the  idea  of  acidulated 
fluoride.  This  mixfure  was  made  with  a  buffereil  sodium  fluoride  solution  at 
1)11  4,  with  a  control  mouthwash  at  pi  I  4  without  the  fluoride,  and  the  students 
used  it.  It  was  ])retty  potent  because  T  received  complaints  from  tbe  students 
that  their  landladies  were  complainin**  that  it  etched  the  sinks  where  they  washed 
their  n.ouths.  The  results  in  this  ffroup  of  thirty-one  i)atients  were  negative 
when  coini)ared  with  twenty-nine  eontrols.  We  "ot  no  result,  no  reduction  of 
dental  caries. 

Xot  entirely  discourajred  by  this  result  and  feelin»r  that  the  effect  of  fluoride 
mi"ht  be  more  potent  in  youngsters  than  in  mature  students,  we  felt  it  nece.ssary 
to  set  up  a  study  with  a  younjrer  ajre  jjroup.  In  this  instance  we  had  a  more 
accei)table  mouthwash  com))ounded  by  tbe  Ui),iohn  (^onipauy,  who  supi)lied  it  to 
us.  It  was  very  ])leasant ;  in  fact,  it  tasted  very  much  like  oran«re  .juiee,  and  we 
were  a  little  bit  fi'ijihteiu'd  that  children  mijjht  want  to  drink  it,  it  tasted  .so  nice. 
The  mouth  washins;  was  done  under  supervision.  For  a  period  of  a  year,  1S7 
children  u.scsl  this  mouthwash  undei- supervision  ;  we  had  a  ”:roup  of  157  controls 
who  used  an  acidulated  fluoride-free  mouthwa.sh.  Now,  everythin'^  was  I'isiht. 
W(‘  had  a  younji:  a<ie  jirou])  in  which  we  knew  wo  could  (h'lnonstratc*  the  K'duction 
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of  cjirios.  We  liad  a  frrou]>  Ayhicli  Iho  statisticians  can’t  sneer  at  too  much.  We 
had  a  nioutlnvash  wliich  was  acceptable,  and  the  mouth  washiiif;  was  done  under 
siii)ervision.  The  examinations  were  doul)le  checked  hy  examinei-s  who  di<ln’t 
know  wliat  fi:rou])s  they  were  examiniiif;.  What  did  we  find?  After  the  use  of 
this  moutliwasli  for  one  year,  there  was  not  a  tlecrease,  hut  an  increase  of  32  per 
cent  in  the  mouthwash  «rrou]>,  a  32  ])er  cent  increase  in  DF  teeth  in  the  «roup 
iisiniu:  tlie  fluoride  mouthwash.  Science  is  wonderful,  the  laboratory  is  wonder¬ 
ful.  hut  it  does  you  wron*;  sometimes,  and  it  did  us  wroii"  this  time. 

It  seems  ai)i)ro])riate  to  comment  on  the  unexi)ected  results  friven  hy  the 
acid  mouthwash.  We  have  no  definite  ex]>lanation ;  we  have  only  a  theory.  We 
have  been  runnin"  animal  croups,  hrushiii"  the  teeth  with  various  fluoride  mix¬ 
tures.  In  several  hamstei'  frroups  in  which  the  teeth  were  brushed  with  sodium 
fluoride,  we  obtained  a  definite  caries  reduction.  But  in  a  group  in  which  we 
us(‘d  the  acidulated  fluoride  under  the  same  circumstances,  we  had  a  doubling 
of  dental  caries.  So,  on  the  basis  of  the  animal  studies  and  the  clinical  findings, 
it  would  seem  that  the  acidulated  fluoride  used  as  a  mouthwash,  or  used  as  direct 
applications  on  the  enamel,  is  definitely  deleterious  to  the  teeth.  What  happens? 
How  do  we  account  for  it?  I  can't  really  account  for  it,  hut  I  do  think  that  it 
is  interesting  to  note  that  the  .studies  which  have  been  made  on  the  mode  of 
•  action  of  acidulated  sodium  fluoride  on  enamel  (Rae  and  Clegg)  have  shown  that 
a  piecipitation  or  a  layering  of  calcium  fluoride  occurred  on  the  tooth  surfaces. 
Therefore,  my  tentative  conclusion  is  that  a  layering  of  calcium  fluoride  on  the 
tooth  surface,  which  is  presumably  what  resulted  from  our  treatments  with 
acidulated  fluorides,  isn't  effective  in  reducing  dental  caries. 

I  lean  a  little  hit  toward  the  theory  that  ])erha|)s  when  we  decrease  the  pH 
of  the  solution,  and  tem]H)rarily  the  reacting  surface,  below  the  isoelectric  point 
of  the  tooth  we  get  adsorption  |)henomena ;  when  the  tooth  surface  reverts  hack 
to  its  normal  jHI  the  adsorbing  ])roces.ses  are  reversed,  and  perhaps  the  calcium 
fluoride  layer  just  dis}j])pears.  Perhai)s  when  we  use  neutral  fluoride  solutions 
we  get  what  other  j)eople  have  maintained,  a  change  of  the  hydroxy-apatite  of 
the  tooth  surface  to  a  fluorapatite. 

The  Use  of  Dentifrieea. — We  have  three  studies  here.  In  one,  seventy-two 
youngsters  5  to  16  yeai-s  of  age  using  a  licptid  dentifrice  containing  fluoride,  at  the 
end  of  one  year  and  of  two  years,  desi>ite  a  transient  reduction  of  laetohacillus 
count,  showed  no  reduction  of  dental  caries,  as  compared  with  the  control  group. 
In  two  student  groups,  one  using  a  ]>aste  containing  fluoride  and  the  other  using 
a  licpiid  dentifrice  containing  fluoride,  we  got  no  reduction  of  dental  caries.  This 
study,  we  think,  should  he  discountt‘d  somewhat  on  the  basis  of  the  fact  that  this 
grou])  was  not  of  the  age  range  in  which  the  maximal  caries  reductions  have 
he(‘n  shown.  The  age  factor  may  have  been  a  contributing  factor  to  these 
negative  results. 

The  first  grou]i,  which  was  composed  of  orphanage  children,  showed  a 
peculiar  thing.  There  was  only  one-third  of  the  caries  activity  in  both  the  con¬ 
trol  and  the  experimental  group  in  the  second  year  of  the  study  (a  war  year) 
that  thei-e  was  in  the  first  year  of  the  study.  There  is  ohviou.sly  something 
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])ec'iiliar  about  this  i)articular  study  wliicli  makes  us  a  little  sus])ieious  of  the 
results,  and  so  we  are  not  (juite  eonvineed  that  the  fluoride  won't  work  in  a 
dentifriee. 

I  inifiht  say  in  ])assin‘j  that  on  the  basis  of  Knutson's  and  my  findings,  a 
greater  caries  reduction  in  the  u])per  teeth  than  in  the  lower  teeth  when  one  side 
of  the  mouth  is  treated,  I  have  felt  that  perhai>s  the  failure  to  get  as  big  a  differ¬ 
ence  between  the  treated  and  untreated  side  in  the  lower  teeth  is  due  to  some  of 
the  fluoride  passing  into  the  solution  or  dissolving  into  the  saliva  and  being  car¬ 
ried  to  the  control  side  of  the  lower  teeth.  To  me,  this  indicates  that  it  doesn't 
take  much  fluoride  to  give  rise  to  a  reduced  caries  activity.  As  a  eonse(pience, 

I  can't  really  see  why  fluoride  dentifrices  won't  work,  hut  they  do  seem  to  work, 
and  that  is  the  state  of  the  situation  at  the  present  time. 

We  also  have  a  study  by  ^MeClendon,  as  yet  reported  only  in  abstract. 
^McClendon  used  a  natural  rock  ])hosj>hate,  which  contains  about  4  per  cent 
fluorine  and  is  ])resumahly  fluorapatite  and  also  a  synthetic  fluorapatite,  as  a 
test  of  the  effect  of  brushing  the  teeth.  A  student  grouji  of  unspecified  age  was 
employed  for  a  jieriod  of  a  year.  As  a  result  of  using  this  ])owdered  rock  ])hos- 
phate  and  synthetic  i>hos]ihate,  he  claims  a  60  ])er  cent  reduction  of  caries  over  a 
one-year  ]>eriod.  He  also  claims  to  have  jirodueed  a  caries  reduction  in  rats.  In 
the  rats  the  percentage  of  reduction  isn't  specified.  It  is  a  little  hard  for  me  to 
accept  ^leClendon's  findings  without  at  least  having  his  data.  Apparently  the 
fluorapatite  was  used  as  a  dry  powder.  It  seems  very  unlikely  that  fluorine  in 
the  fluora])atite  is  going  to  let  go  of  that  phos])hate  molecule  and  jump  over  to  a 
similar  one  on  the  tooth  surface.  The  fluoride  is  dry;  it  is  not  in  ionized  form, 
and  it  is  very  insoluble.  I  find  it  hard  to  see  how  the  re])orted  results  came 
about,  hut  they  are  in  the  literature  and  can't  he  ignored. 

The  I  se  of  Prophylactic  ('leaning  Mixtures. — Another  jiroeedure  which  we 
followed  was  to  ineor]K)rate  fluorides  in  the  cleaning  mixtures  used  by  dental 
hygienists.  In  ^lassaehusetts,  the  hygienists  are  spreading  the  fluoride  around 
in  fine  style.  I  didn't  instigate  it;  the  dentists  wanted  to  do  it,  and  I  didn't  try 
to  stop  it.  It  is  an  accepted  practice  there.  ^lassaehusetts,  Blaine,  Rhode  Island, 
and  Honneetieut  are  all  doing  it.  I  mention  this  for  the  interest  of  those  who 
may  face  the  ]>rohlem  in  their  states.  We  included  the  fluorides  in  a  ]>io]4hylaetie 
pumiee-hydrogen  ])eroxide  mixture.  We  used  a  4  per  cent  sodium  fluoride  added 
in  sufficient  (piantity  to  give  a  final  concentration  of  fluoride  in  the  cleaning 
mixture  of  1  per  cent.  In  school  children,  6  to  15  yeai-s  of  age,  one  side  of  the 
mouth  was  cleaned,  in  one  grou]>  of  ninety-five,  twice,  and  in  one  group  of  47, 
three  times  during  the  school  year,  and  examined  after  the  period  of  a  year.  In 
those  treated  twice,  we  found  a  25  ])er  cent  reduction  of  dental  caries  on  the 
treated  side.  In  the  group  treated  three  times,  we  found  a  reduction  of  43  per 
cent.  Admittedly  the  groups  were  small,  hut  let  me  make  a  ]K)int  in  j^assing. 
My  thought  in  my  clinical  studies  has  been  that  I  have  been  playing  for  big 
game.  If  the  ])ercentage  reduction  was  going  to  he  so  small  that  it  wa.sn't  pretty 
obvious  in  a  group  of  100  patients,  then  I  wasn't  very  much  interested.  So  I 
report  these  findings  not  as  final  statistical  evaluations,  or  anything  like  that,  hut 
just  as  jabs  in  various  directions  to  see  if  there  were  any  luoeedure  that  would 
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•live  us  more  promisiu};  results  tlian  tliose  we  ol)taine<l  hy  our  original  ])roee<lure 
of  making  topical  applications. 

Next,  we  expanded  this  group  according  to  Knutson’s  specifications  of  250 
or  more  patients,  set  up  a  program  of  three  cleanings  per  year,  and  turned  it 
over  to  a  dental  supervisor  and  the  hygienists.  I  went  back  and  sat  in  my  swivel 
chair  and  waited  for  the  year  to  elapse — and  waited  three  yeai*s  for  the  results 
to  he  calculated  from  the  punch  cards.  We  have  sampled  the  results  hy  the  old- 
fashioned  pencil  and  paper  method  and  found  no  reduction  of  dental  caries.  We 
used  three  prophylaxes,  given  by  a  dental  hygienist  without  close  supervision. 
What  does  that  mean?  It  means  either  that  it  doesn’t  work,  or  that  you  have  to 
he  a  little  fussy  about  the  technic  that  you  use.  The  answer  I  do  not  know.  We 
have  other  .studies  which  will  bring  in  results  very  shortly. 

Lozenges  and  Pastels. — We  have  all  heard  .something  about  the  use  of 
fluoride  contained  in  lozenges.  You  know  the  calcium  fluoride  lozenges  on  the 
market  which  have  been  very  skillfully  promoted  to  appeal  to  the  medical  and 
dental  profession,  particularly  the  former.  The  work  was  done  by  Strean  and 
Beaudet  in  Quebec.  In  talking  to  those  close  to  this  work,  I  find  there  is  some 
question  as  to  the  significance  of  the  work.  I  would  question  the  results  from 
several  points  of  view.  One  is  that  the  lozenges  contain  calcium  fluoride.  Like 
fluorapatite,  calcium  fluoride  is  not  readily  ionizable  and  probably  wouldn’t 
either  react  topically  to  any  great  extent  or  be  adsorbed  from  the  intestines  as 
fully  as  other  fluorides.  I  am  also  a  little  perplexed  about  Strean  and  Beaudet ’s 
figures  because  they  report  a  65  per  cent  caries  increase  over  an  eight-month 
period,  which  is  100  per  cent  caries  increase  per  annum.  A  100  per  cent  increase 
3f  caries  per  annum — that  can’t  go  on  very  long,  because  with  his  initial  groups 
which  he  recor-ds  as  having  three  or  more  cavities.  If  this  caries  increa.se  con¬ 
tinued  up  to  the  age  of  16,  there  would  have  to  Im  something  like  1,600  new  cavi¬ 
ties  during  that  year.  It  is  a  little  difficult  to  see  how  that  could  happen.  In 
short,  I  am  suspicious  of  the  results. 

Strean  and  Beaudet  reported  a  40  ]>er  cent  reduction  using  calcium  fluoride, 
vitamin  I),  a.scorhic  acid  lozenges,  one  a  day,  sucked  or  chewed  and  swallowed. 
A  very  neat  idea  (I  wish  I  had  thought  of  it  myself)  for  combining  local  and 
systemic  usage.  In  another  group  using  just  the  calcium  fluoride  lozenges,  there 
was  a  33  per  cent  reduction  of  dental  caries.  There  was  a  control  group  of  220- 
odd  in  which  there  was  the  65  per  cent  increa.se  of  caries  I  just  spoke  about.  I 
can’t  feel  that  the  calcium  fluoride  lozenge  is  in  any  way  ju.stified.  I  can  say 
that  at  the  present  I  know  of  a  small  experiment  (I  am  not  running  it,  I  am 
only  doing  the  lactobacillus  counts)  in  which  these  lozenges  are  being  tested 
again  by  the  company.  We  shall  not  have  the  results  of  clinical  tests  until 
November.  Three  lactobacillus  counts  to  date  have  not  shown  a  significant  re¬ 
duction  of  whatever  they  show.  We  are  independently  running  a  group  of 
studies  using  sodium  fluoride  lozenges  without  any  vitamin  content.  We  shall 
not  have  the  results  on  that  until  I  settle  down  to  extract  the  data  from  the 
examination  charts  which  I  have  with  me.  I  am  not  optimi.stic  about  the  result. 
In  this  study  we  are  using  coated  sodium  fluoride  pills  and  a  placebo  tablet  as 
controls. 


UNIVERSITY  OF  MICHIGAN  1.D.R«. 

June,  1948 

(Jheii'inff  Gum. — Another  method  which  has  been  advocated  for  caries  con¬ 
trol  is  tlie  use  of  a  fluorine-containing  chewing  gum.  It  has  been  on  .sale  in 
Mas.sachusetts  recently  under  the  name  of  Flogum.  I  tried  to  discourage  the 
gentleman  who  was  putting  this  on  the  market,  but  he  said  how  he  had  gone 
broke  twice  before  and  was  prepared  to  go  broke  again.  The  Federal  Foods  and 
Drugs  Administration  gave  him  a  license,  and  while  there  was  a  good  initial 
sale,  soon  he  had  to  show  evidence  that  his  claims  were  justified.  This  he  couldn’t 
do,  and  I  don’t  believe  this  product  is  on  the  market  any  more.  This  fluorine 
chewing  gum  contained  one  part  per  million  of  fluorine.  The  promoter  had  been 
giving  it  to  his  children,  and  a  number  of  dentists  were  distributing  it.  As  usual, 
jieople  had  observed  beneficial  results  but  no  proper  clinical  study  was  organized. 
As  a  matter  of  interest,  I  calculated  how  many  pieces  of  this  chewing  gum  would 
have  to  be  chewed  a  day  to  give  one  milligram  of  fluorine  to  the  child.  It  worked 
out  something  like  over  400  tablets  of  chewing  gum  a  day.  It  seems  a  little 
impractical  to  go  very  far  on  that  basis. 

Fluoride  Bath. — A  small  group  of  about  forty  patients  were  treated  with 
this  method.  It  consists  of  making  a  fluoride  bath  from  hydrocolloid  or  similar 
imi)ression  by  hollowdng  out  the  area  about  the  teeth.  This  is  filled  with  a 
fluoride  solution  and  placed  back  on  the  teeth  for  a  period  of  twenty  minutes  or 
so.  The  re.sults  were  essentially  negative.  The  group  was  too  small  to  follow 
further,  and  the  results  cannot  be  regarded  as  final. 

Electrophoresis. — In  the  attempt  to  use  the  electrophoresis  principle,  w’e  got 
a  fairly  satisfactory  theoretical  approach  worked  out.  The  idea  bogs  dowm  on  a 
practical  point.  That  is  that  the  potential  necessary  to  force  any  significant 
amount  of  fluoride  into  the  tooth  surface  is  one  w’hieh  the  patient  can’t  bear 
comfortably  because  so  far  it  hasn’t  been  pos.sible  to  get  the  tooth  erowm  bathed 
in  a  fluoride  solution  satisfactorily  without  having  a  leakage  of  the  electric  cur¬ 
rent  around  the  neck  of  the  tooth.  This  causes  irritation  of  the  periodontal  tis¬ 
sues.  It  may  ultimately  be  possible  to  lick  that  difficulty,  but  so  far  we  haven’t 
been  able  to  do  it. 

Other  Chemicals  Than  Sodium  Fluoride. — We  have  completed  one  study 
ju.st  like  the  Brockton  study.  It  w'as  set  up  exactly  the  same,  with  the  same 
period  between  treatment,  and  using  the  same  technic,  using  lead  fluoride,  so 
that  we  could  get  a  comparison  of  the  effectiveness  of  lead  fluoride  as  compared 
with  sodium  fluoride.  At  the  end  of  one  year,  we  were  unable  to  demonstrate 
any  beneficial  results  from  the  use  of  the  lead  fluoride.  In  hamsters,  brushing 
lead  fluoride  on  the  teeth.  Dr.  Lazansky  of  Tufts  was  able  to  demonstrate  a  re¬ 
duction  of  caries  comparable  to  that  obtained  by  brushing  sodium  fluoride  on 
the  teeth. 

At  present,  we  have  a  study  under  way  in  which  one  quadrant  of  the  teeth 
is  being  treated  with  lead  and  another  with  sodium  fluoride,  alternating  betw'een 
upper  and  low'er  teeth.  On  the  basis  of  my  owm  findings  and  Knutson’s  findings, 
my  present  feeling  is  that  lead  fluoride  is  another  good  laboratory  dream  that 
w^on’t  hold  up.  Why  doesn’t  it  w’ork?  As  far  as  I  have  been  able  to  find  out 
from  picking  the  brains  of  some  of  my  chemical  associates,  the  answer  may  be 
that  some  of  the  lead  salts  are  soluble  in  ammonia  compounds  of  one  sort  or 
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another,  and  thus  reactions  with  lead  may  in  some  way  j)redisposc  teeth  to  an 
attack  to  w'hieh  they  normally  aren’t  subjected.  There  are,  of  course,  a  variety 
of  possibilities  of  adsorption,  and  so  forth,  which  may  furnish  better  explanations. 

The  fluoride  which  I  should  like  to  trj’  most,  and  on  which  I  should  like  to 
have  been  able  to  announce  results  today,  after  this  discussion  of  silver  nitrate 
and  sodium  fluoride,  is  silver  fluoride.  There  is  no  reason  why  it  shouldn ’t  work 
very  well,  but  we  have  no  results  on  that. 

The  study  usiuR  other  chemicals  that  in  any  way  advanced  it  is  one  with 
indium  nitrate.  In  this  study,  we  have  avoided  usinj;  a  fluoride  to  see  if  we  could 
pet  a  caries-reducinp  effect  without  fluorine.  The  indium  salt  animal  studies 
have  not  piven  sati.sfactorj'  results.  The  clinical  study,  on  the  basis  of  a  prelimi¬ 
nary  samplinp,  does  not  seem  to  Ik?  pivinp  a  satisfactory'  result.  That  summarizes 
what  I  have  to  report. 

I  should  like  to  make  one  or  two  comments.  One  is  that  it  is  rather  nice  to  be  able 
to  get  up  like  this  before  a  group  which  is  essentially  made  up  of  clinicians  and  be  able 
to  say,  as  one  who  is  es.sentially  occupied  with  laboratory  work,  that  I  fear  I  can  exemplify 
by  my  own  experience  a  very  unhealthful  situation.  I  refer  to  a  tendency  of  the  clinical 
investigators  to  sit  around  and  wait  for  judgments  from  on  high  in  the  laboratories.  Don’t 
do  it!  The  whole  thing  is  common  sense;  common  sense  in  all  clinics  is  just  as  valuable 
as  common  sense  in  the  laboratory.  We  can  make  high-flown  theories,  but  there  is  no 
reason  to  believe  that  because  we  think  they  are  good,  they  are  going  to  be  good.  My  only 
regret  is  that  I  ever  published  the  data  on  acidulated  fluorides  and  lead  fluorides,  and  so 
forth.  I  suspect  from  a  scientific  point  of  view  it  should  be  published  V)ecause  it  has  some 
bearing  on  the  mode  of  action  of  fluorine.  But  it  is  a  little  unfortunate,  I  think,  to  have 
the  clinicians  waiting  for  judgments  from  the  laboratories  because  the  laboratory  con¬ 
clusions  are  only  as  valuable  as  the  common  sense  of  the  laboratory  workers.  I  always 
felt,  and  I  am  on  record  several  places  as  stating  that  what  dental  caries  investigation 
needs  more  than  anything  at  this  time  is  good  clinical  observation.  The  dividends  already 
paid  in  the  fluorine  field  prove  that. 

The  other  point  that  I  want  to  make  is  that  I  believe  we  have  in  fluoride  therapy  a 
more  practical  approach  to  mass  reduction  of  dental  caries  than  we  have  seen  in  the  past. 
But  let  us  bear  in  mind  that  it  is  only  one  of  an  infinite  number  of  possibilities.  If  on  the 
basis  of  the  finding  that  fluoride  therapy  is  good  we  abandon  other  methods  of  caries  con¬ 
trol,  it  would  be  just  as  silly  as  abandoning  the  aseptic  precautions  in  hospitals  because  now¬ 
adays  we  have  penicillin  to  combat  the  commonest  of  the  infections  which  would  result. 
If  we  were  to  do  that  in  a  hospital  and  depend  upon  a  good  therapeutic  agent  to  clean 
up  the  mess  we  made  by  our  neglect,  we  would  increase  the  number  of  complications  result¬ 
ing  from  sepsis.  Likewise,  I  fear  that  if  everybody  waits  for  fluorine  to  solve  their  caries 
jtroblems  we  may  also  give  rise  to  an  increase  in  the  amount  of  dental  caries  rather  than 
a  reduction. 

Thank  you. 


DISCUSSION 

DR.  EASLICK. — I  should  like  to  thank  Dr.  Bibby  very  much  for  his  presentation. 
And  I  would  like  to  tell  the  group  that  we  have  some  important  business  out  here  in  front 
of  the  dental  school  very,  very  soon.  We  have  perhaps  ten  minutes  for  discussion.  Dr. 
Strusser,  we  cut  you  off  last  time;  do  you  want  the  floor  at  this  moment? 

DR.  HARRY  STRUSSER  (New  York  Bureau  of  Dentistry). — Well,  I  think  Dr.  Bibby 
covered  the  question  that  I  wanted  to  ask,  but  I  think  it  bears  repetition  at  this  point. 
We  must  be  sure  that  the  practitioner  understands  our  statistical  language.  When  we 


374 


UNIVERSITY  OF  MICHIGAN 


\ 


.1.  D.  Res. 
June,  1948 


speak  of  a  40  per  cent  reduction  in  incidence  of  dental  caries  and  he  sees  1.3  as  the  incre¬ 
ment  or  incidence  for  the  year,  he  says,  “Well,  suppose  I  do  get  a  40  per  cent  reduction,  I 
will  have  a  reduction  of  half  a  cavity,  I  still  have  to  fill  that  cavity.”  That  is  his 
reasoning,  and  we  have  to  be  careful  as  to  how  these  data  are  made  available  to  the 
private  practitioner  so  that  he  will  understand  it  because,  after  all,  we  depend  upon  the 
private  practitioner  to  do  most  of  the  work  on  the  patients. 


DR.  WALLACE  D.  ARMSTRONG  (Universitj'  of  Minnesota). — I  believe  it  was  Dr. 
Russell  who  j'esterday  told  me  that  preparations  of  2  per  cent  sodium  fluoride  upon  stand¬ 
ing  would  spontaneously  reach  rather  high  degrees  of  acidity.  I  wonder  if  he  could  tell 
us  more  about  that? 

DR.  EASLICK. — Dr.  Russell,  apparently  you  have  an  opportunity  of  answering. 

DR.  ALBERT  L.  RUSSELL  (State  Board  of  Health,  South  Dakota). — An  opportunity 
I  am  rather  sorry  to  have  received  because  I  know  ver\'  little  about  this.  This  is  a  ques¬ 
tion  that  is  being  asked  me  by  a  great  number  of  men.  And  the  work  that  has  been  done 
on  it,  as  far  as  I  know,  is  probably  limited  to  a  laboratory  in  Kansas  City  in  connection, 
I  believe,  with  Kansas  City  Western.  In  our  own  laboratory  at  home  we  have  a  solution 
which  is  eighteen  months  old.  It  has  been  stored  in  ordinary  glass,  and  the  pH  has  dropped 
to  about  3.0.  The  question  comes  up  as  to  whether  that  is  a  dangerous  solution  to  use  in 
the  mouth.  That  was  the  question  I  asked  Dr.  Armstrong.  It  is  a  very  strange  thing.  I 
have  little  exact  knowledge  about  it.  I  just  wondered  if  there  might  be  some  danger  in 
using  a  stale  fluoride  solution. 

DR.  ARMSTRONG. — I  am  simply  unable  to  understand  how  that  result  would  come 
about  unless  some  one  came  along  and  poured  concentrated  acid  into  the  bottle. 

DR.  EASLICK. — Dr.  Wallace,  do  you  wish  to  comment? 

DR.  DONALD  A.  WALLACE  (American  Dental  Association). — I  agree  with  Dr. 
Armstrong  that  it  isn’t  imaginable  how  that  reduction  in  pH  would  occur.  Some  months 
ago  in  the  Bureau  of  Chemistry,  Dr.  William  Doty  made  up  several  solutions  of  sodium 
fluoride,  buffered  to  different  pH  values,  as  low  as  pH  4.0.  They  were  bottled  in  Pyrex, 
and  after  two  or  three  hours  at  room  temperature,  a  copious  white  precipitate  formed 
which  we  supposed  wms  silica  or  some  silicous  material.  The  solution  of  the  distilled  water 
was  perfectly  clear  after,  oh,  I  suppose,  three  or  four  months  of  standing.  We  haven’t 
checked  the  pH  of  the  distilled  water  solution  so  far  as  I  know,  the  solution  made  in 
distilled  water,  but  from  a  lower  grade  of  sodium  fluoride  than  the  reagent  quality,  but 
considerable  sediment  that  suggests  iron  and  ammonium  hydroxide  was  formed. 

DR.  THOMAS  J.  HILL  (Western  Reserve  Univer.sity). — May  I  ask  Dr.  Bibby  if  he 
would  like  to  comment  on  the  work  of  Shaner  and  Smith  on  the  reduction  of  acidophilus 
counts  by  using  a  fluorine  dentifrice,  or  did  he  omit  this  intentionally? 

DR.  BIBBY. — No,  I  didn’t  omit  it  intentionally.  I  know  the  report;  I  read  it  some 
time  ago.  I  wouldn’t  say  I  know  it  well.  But  I  couldn’t  quite  make  out  what  it  was 
trying  to  prove — perhaps  that  was  your  reaction,  too,  was  it? 

While  I  am  on  my  feet  I  might  respond  to  a  request.  I  was  asked  to  mention  the 
bone  flour  studies.  Reduction  of  dental  caries  by  bone  flour  doesn’t  come  in  the  area  of 
topical  use  except  in  so  far  as  chewing  bone  flour  pills  might  bring  the  fluorine  of  bone  flour 
in  contact  with  the  tooth.  The  only  clinical  data  I  know  of  are  from  the  study  of  Harootian 
which  was  carried  out  in  Massachusetts.  He  had  nine  patients  of  uncertain  age,  mainly 
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adults  I  believe,  some  of  whom  had  only  nine  teeth.  At  the  end  of  a  year  he  got  no  in¬ 
crease  in  caries.  On  the  basis  of  that  finding,  you  have  at  least  two  commercial  products 
on  the  market  as  caries  preventives. 

DR.  EASLICK. — Thanks,  Dr.  Bibby.  Is  there  any  further  discussion  this  morning? 

DR.  HAMILTON  B.  G.  ROBINSON  (Ohio  State  University). — I  should  like  to  say 
one  thing  for  the  record.  I  enjoyed  Dr.  Bibby ’s  paper. 


P'riday,  September  12 
Morning  Session 

(Auditorium,  School  of  Public  Health) 

Dr.  Easliek. — Ladies  and  gentlemen:  I  should  like  to  announce  that  it  is  a  continued 
pleasure  to  find  you  still  here  and  so  prompt  and  alert.  It  is  really  a  source  of  great  regret 
to  me,  however,  that  this  is  the  last  day  on  which  I  can  introduce  our  important  and  distin¬ 
guished  faculty  to  you.  But  one  aspect  of  Friday  morning’s  program  does  give  me  a  great 
bit  of  cheer:  all  of  the  feminine  portion  of  this  important  faculty  will  be  introduced  today  in 
one  attractive  package. 

As  you  consulted  your  programs  you  probably  noted  that  the  morning  schedule  calls  for 
an  evaluation  of  diet  or  diets  as  caries  control  measures  and  that  three  speakers  will  present 
this  evaluation.  The  first  speaker  comes  from  Minnesota.  Dr.  Armstrong  recently  sustained 
some  surgery  and  comes  here  still  a  convalescent.  I  know  that  from  his  discussions  which  you 
have  been  hearing  in  the  auditorium  you  anticipated  a  fine  presentation.  Without  further 
words  I  shall  introduce  Dr.  Wallace  1).  Armstrong,  Professor  of  Physiological  Chemi.stry  at 
the  University  of  Minne.sota.  I  want  him  to  know  that  we  appre<*iate  his  getting  up  from  a 
hospital  l)ed,  cutting  short  his  |)eriod  of  convalescence,  to  attend  this  Workshop,  and  I  think 
tliat  I  can  speak  for  the  rest  of  the  Workshop  group.  Dr.  Armstrong,  when  I  say  that  we  are 
all  most  appreciative.  Dr.  Arm.strong’s  .“ubje«-t  is  “An  Evaluation  of  the  Role  of  Vitamins 
and  Minerals  in  the  Control  of  Caries.’’ 


AX  EVALUATION  OF  THE  HOLE  OF  VITAMINS  AND  MINERALS  IN 
THE  CONTROL  OF  CARIES 

M'allace  I).  Akmstroxg,  Ph.D.,  M.I).,  Professor  Physiological  Chemistry, 

School  of  ]\Iedicixe,  University  of  Minnesota,  jMixxeafolis,  Minx. 

It  has  been  possible  to  produce  clear  evidence  that  certain  vitamins  and 
minerals  are  required  for  the  formation  of  teeth  of  normal  structure.  It  has 
been  very  difficult,  however,  to  demonstrate  that  mature  teeth  require  these 
nutrients  in  amounts  j?reater  than  are  needed  to  prevent  gross  and  obvious  signs 
of  deficiency  in  other  tissues.  My  first  task  will  he  to  review  the  evidence  in  sup- 
jiort  of  these  statements.  I  shall,  thereby,  indicate  why  it  appears  that  a  min¬ 
eral  or  vitamin  deficiency  must  be  present  during  the  period  of  tooth  formation 
if  the  tooth  is  to  be  affected  in  a  manner  which  could  lower  its  susceptibility  to 
decay.  As  a  sort  of  after-piece  to  the  first  topic,  I  shall  attempt  to  present 
a  summary  of  the  somewhat  controversial  evidence  which  has  been  produced 
to  .show  that  single  mineral  or  vitamin  deficiencies  are  important  causal  factors 
in  dental  caries. 

The  effects  of  inadequate  diets  on  developing  teeth  cannot  always  be  stated 
in  quantitative  terms.  Our  best  device,  at  present,  for  indicating  the  importance 
of  the  effects  produced  by  nutritional  deficiencies  on  teeth  is  to  compare  these 
effects  with  those  produced  on  another  tissue,  such  as  bone.  When  such  compari¬ 
sons  are  made,  we  shall  see  that  in  many  circumstances,  developing  teeth  appear 
to  be  less  liable  to  alteration  by  metabolic  abnormalities  than  is  forming  bone. 
We  shall  also  see  that  mature  teeth,  in  so  far  as  any  objective  criteria  are  con¬ 
cerned,  appear  to  be  almost,  if  not  entirely,  removed  from  the  direct  influence 
of  nutrition. 

EFFECTS  of  VITAMIX  DEFICIEXCIES  OX  TEETH 

Severe  deficiencies  of  vitamin  A  produce  in  developing  teeth  characteristic 
abnormalities  of  growth  and  structure.  Teeth  of  continuous  growth  such  as  the 
incisor  of  the  rat  have  furnished  a  convenient  means  of  recording  these  effects. 
Wolbach  and  Howe^  showed  that  the  primary  dental  disturbance  in  vitamin  A 
deficiency  is  in  the  developing  enamel.  This  effect  is  an  example  of  the  specific 
requirements  for  this  vitamin  by  epithelial  tissues  and  by  those  tissues  derived 
from  the  ectoderm.  The  photographs  in  Fig.  1  are  taken  from  a  recent  paper  by 
Paul  and  Paul.^  Rat  0  received  an  adequate  intake  of  vitamin  A.  The  other 
animals  received  suboptimal  amounts  of  this  vitamin  over  a  long  period.  An¬ 
imals  1  and  2  exhibited  a  loss  of  the  normal  orange  pigment  and  a  black  mottling 
of  the  incisors.  Animals  3  and  4  showed  a  chalky  white  appearance  of  the  in¬ 
cisor  teeth. 

While  an  early  effect  of  vitamin  A  deficiency  of  the  teeth  is  a  result  of  fail¬ 
ure  of  ameloblastic  activity,  which  may  result  in  enamel  agenesis  or  hypoplasia, 
a  prominent  end  result  is  seen  in  a  disorganized  structure  of  the  dentin.  Fig. 
2,  taken  from  the  work  of  Schour,  Hoffman,  and  Smith®  contrasts  in  a  diagram¬ 
matic  way  the  structure  of  the  dentin  seen  in  travei’se  seetions  of  the  incisor  of 
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a  normally  fed  rat  with  that  of  an  animal  supplied  an  insufficient  amount  of 
vitamin  A.  Vitamin  A  deficiency  resulted  in  an  acceleration  of  apposition  of  the 
enamel-covered  dentin,  while  that  of  cementum-t*overed  dentin  was  markedly 


Fik-  1- — Effect  of  vitamin  A  deficiency  on  enamel  of  incisor  teeth  of  the  rat  (Paul  and  Paul*) 


■Effect  of  vitamin  A  deficiency  on  dentin  of  the  incisor  teeth  of  the  rat  (Schour,  Hoff¬ 
man,  and  Smith’). 
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decreased.  This  ohservalioii  would  sujrfjest  that  the  roots  of  teeth  of  limited 
firowth,  such  as  rat  molar  teeth,  might  be  expected  to  siiow  i>ronoiineed  effects 
of  vitamin  A  deficiency.  However,  becau.se  of  the  fact  that  rat  molar  teeth  are 
ver>^  nearh'  completely  formed  before  the  vitamin  A  stores  of  weaned  rats  can  be 
depleted,  only  minor  abnormalities  of  molar  teeth  have  been  observed  in  the 
usual  experiments.  In  order  to  produce  earlier  and  more  pronounced  vitamin  A 
deficiencies,  Helen  Mellanby*  studied  rat  pups  born  of  mothers  fed  diets  de¬ 
ficient  in  this  vitamin  for  twelve  to  twenty-five  weeks.  The  roots  of  the  molar 
teeth  of  the  offspring  subjected  to  the  severest  possible  deficiency  were  mis¬ 
shapen,  but  these  teeth  were  always  less  profoundly  affected  than  the  incisors. 

While  the  developing  tooth  may  be  deleteriously  affected  by  severe  de¬ 
ficiencies  of  vitamin  A,  these  structures  appear  to  be  considerably  more  resistant 
to  the  lack  of  this  vitamin  than  mo.st,  if  not  all,  other  tissues.  Many  of  the 
dental  defects  were  produced  only  by  diets  so  deficient  as  to  exhaust  the  bodily 
store  of  vitamin  A  and,  with  continued  feeding,  to  be  incompatible  with  life. 

The  relation  of  the  antirachitic  vitamin  to  the  formation  of  teeth  of  nor¬ 
mal  structure  has  been  repeatedly  demonstrated  since  M.  Mellanby  first  noted, 
before  vitamins  A  and  D  were  recognized  as  separate  entities,  deformities  in 
the  teeth  of  puppies  raised  on  diets  deficient  in  the  fat  soluble  vitamins.  In 
Fig.  3,  a  and  e  are,  respectively,  the  normal  molar  teeth  of  a  child  and  of  a  dog.® 
On  the  right  is  shown  increasing  degrees  of  enamel  hypoplasia  of  molar  teeth 
of  dogs  produced  by  increasingly  severe  deficiencies  of  vitamin  D  intake.  The 
hypoplastic  enamel  of  the  children’s  teeth  is  by  analogy  as.sumed  to  be  also  the 
result  of  variations  in  vitamin  D  available  at  the  time  of  the  development  of 
the  teeth.  Lady  Mellanby  has  emphasized  these  abnormalities  of  the  surface 
of  enamel  of  human  teeth  because  she  has  championed  the  notion  that  hypo¬ 
plastic  enamel  possesses  an  increased  susceptibility  to  caries.  This  theory  will 
be  referred  to  in  greater  detail  later.  For  the  present,  I  should  like  to  state 
that  this  relationship  of  vitamin  D  deficiency  to  dental  caries  is  circumstantial 
since  it  is  based  on  two  independent  and  po.ssibly  unrelated  observations.  The 
first  is  the  clear  demonstration  of  the  production  of  enamel  hypoplasia  by 
rachitogenic  diets  in  certain  experimental  animals.  Such  hypoplastic  teeth  in 
lower  animals  do  not,  however,  develop  caries.  The  second  observation  is  the 
apparent  relationship  of  irregularities  of  enamel  .surface  texture  of  human  teeth 
to  susceptibility  to  decay.  At  this  point  it  may  be  mentioned  that  some  doubt 
has  been  cast  of  the  belief  that  enamel  hypoplasia  results  solely  from  a  vitamin 
D  deficiency,  since  Weinmann  and  Schour'*  failed  to  produce  this  result  in  rats 
fed  rachitogenic  diets. 

While  the  enamel  disturbances  are  a  prominent  feature  of  vitamin  D  de¬ 
ficiency,  it  has  been  possible  to  study  more  satisfactorily  the  details  of  tlie  pro¬ 
duction  of  the  lesions  in  the  ca.se  of  the  dentin.  In  the  dentin  as  in  the  enamel, 
certain  abnormal  cellular  alterations  are  produced,  and  there  is  also  a  marked 
failure  of  the  growing  dentin  to  calcify.  This  fact  is  well  shown  in  several  of 
the  publications  of  Irving.^ 

The  photomicrograph  on  the  left  of  Fig.  4  is  that  of  a  longitudinal  section  of 
a  rat  incisor  tooth  after  the  animal  has  been  fed  for  thirty-one  days  on  the 
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■Effect  of  vitamin  D  deflclency  on  enamel  of  teeth  of  the  dog  and  the  child  (M. 

lanby*). 
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■Effect  of  Vitamin  D  deficiency  on  dentin  of  the  incisor  of  the  rat  and  the  effects  of  a 
single  curative  dose  of  vitamin  D  on  the  incisor  dentin  ( Irving’). 
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rachitofrenic  diet  used  in  vitamin  D  assay  work.  The  predentin  is  dentin 
organic  matrix  which  has  not  yet  been  calcified.  Normally  the  predentin  is 
quite  narrow  and  is  about  the  width  shown  for  this  structure  in  the  section  on 
the  right  of  Fig.  4.  This  overgrowth  of  uncaleified  dentin  in  the  vitamin  D- 
defieient  animal  has  an  obvious  analogy  to  the  wide  epiphyseal  cartilage  of 
rachitic  animals.  The  section  on  the  right  illustrates  the  effects  produced  by 
a  single  curative  dose  of  vitamin  D  given  ten  days  before  sacrifice  of  the  an¬ 
imal.  After  a  delay  of  four  to  five  days,  dentin  calcification  began  anew  in 
quite  a  normal  fashion  in  the  predentin  laid  down  after  the  vitamin  was  admin¬ 
istered.  By  contrast,  however,  the  calcification  of  predentin  formed  during 
the  period  of  vitamin  deficiency  remained  essentially  unimproved.  Irving," 
in  the  same  paper  from  which  the.se  illustrations  were  obtained,  as  indicated 
that  the  recovery  of  calcification  by  dentin  is  more  sensitive  to  the  effect  of 
vitamin  D  than  the  healing  of  rachitic  epiphyseal  cartilage  as  measured  by  the 
line  test. 

The  third  vitamin  required  for  normal  teeth  formation  is  vitamin  C.  The 
mast  jirominent  dental  alterations  are  produced  in  the  dentin  with  only  minor, 
and  possibly  secondary,  effects  in  the  enamel.  Depending  ujion  the  degree  and 
duration  of  the  avitaminosis,  the  formation  of  dentin  is  deficient  and  of  dis¬ 
organized  .structure.  The  clas.sical  work  of  Howe,*  Westin,®  and  Hojer  and 
Westin,’®  who  showed  that  the  fundamental  pathosis  in  scurvy  is  a  result  of 
the  failure  of  formation  of  the  intercellular  substance  in  tissues  of  me.senehymal 
origin,  furnishes  an  explanation  of  the  selective  effect  of  vitamin  C  deficiency 
uimn  the  dentin. 

The  requirement  of  vitamin  C  for  normal  dentin  formation  is  higher  than 
that  of  many  other  tissues,  including  bone,  and  for  this  reason  dentin  ab- 
noi'inalities  may  be  produced  in  the  absence  of  clinical  signs  of  scurvy.  As  is 
well  known,  the  gums  and  other  investing  tissues  of  the  teeth  of  mature  animals 
may  be  adversely  affected  in  susceptible  animals  by  a  deficient  supply  of  vitamin 
(1  However,  like  vitamins  A  and  D,  there  is  no  clear  indication  that  ascorbic 
acid  is  recpiired  for  the  pre.servation  of  the  integrity  of  the  teeth  themselves. 

EFFECTS  OF  MIXER.VL  DEFICIEXCIES  OX  TEETH 

Diets  gros.sly  inadequate  in  mineral  elements  may  produce,  in  growing 
teeth,  a  deficient  calcification,  as  Avell  as  changes  in  form  and  structure  of  the 
enamel  and  dentin.  Nevertheless,  considerable  evidence  has  accumulated  that 
teeth  do  not  always  undergo  changes  in  ash  or  calcium  and  phosphorus  content 
under  dietary  regimens  which  produce  marked  changes  in  growing  bone. 

Daunt  and  Irving,"  who  studied  the  effects  of  diets  of  varying  calcium  to 
l)hosphoru.s  ratio  on  bone  and  dentin,  furnished  one  of  the  best  indications  of  a 
fundamental  difference  in  the  metabolism  of  teeth  and  the  skeleton.  Fig.  5 
.shows  the  esstmtial  data  obtained  by  (iaunt  aiid  Irving  when  young  rats  were 
fed  a  diet  of  high  calcium  to  phosphorus  ratio,  naim'ly  four,  and  at  several  levels 
of  calcium  and  ])hosj)hoius  intake.  At  the  lowest  .level  of  calcium  and  phos¬ 
phorus  intake  the  incisor  dentin  ash  weight,  as  shown  by  the  oi)en  bar,  was  es¬ 
sentially  normal,  but  the  degree  of  mineralization  of  the  bones  was  very  greatly 
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rediu'od.  At  hi};her  levels  of  calcium  and  i)hosi)horus  intake  the  condition  of 
the  skeleton  improved,  but  even  at  the  hijrhest  levels  the  bones  were  entirely 
normal.  Investifiations  of  the  same  type  were  also  canned  out  with  diets  of 
very  low  ealeium  to  phosphorus  ratio,  namely,  O.f).  In  this  ease,  the  defjree  of 
mineralization  of  the  dentin  was  definitely  interfered  with  at  the  lower  levels  of 
ealeium  and  phosphorus  ratio.  Thus,  under  conditions  of  inadequate  ealeium 
and  phosphorus  intake,  it  appears  that  the  calcification  of  dentin  and  bone  is 
facilitated  by  opposite  conditions  of  dietary  ealeium  to  pluxsphorus  ratio,  flaunt 
and  Irvin*;,  therefore,  suggest  that  in  some  fundamental  way  there  is  a  marked  , 
difference  in  the  factors  governing  the  mineral  metabolism  of  bone  and  teeth. 


ASH  WEIGHTS  OF  BONE  AND  DENTIN 

GAUNT  L  IRVJNG  —  J.  PHYSIOL. 99.18  CI940) 


n  incisor  ash  ^  BONE  ASH 

(NORMAL  72%")^  (NORMAL  63%) 


Kiff.  5. — Effects  of  different  levels  of  calcium  and  phosphorus  intake  at  constant  calcium  to 
phosphorus  ratio  on  incisor  dentin  and  bone  in  the  rat  (Gaunt  and  Irving"). 


Evidence  from  a  number  of  directions  indicates  that  teeth  once  formed  are 
in  comparison  to  the  skeleton,  essentially  outside  of  the  pale  of  nutrition.  Al¬ 
bright,  Aub,  and  Bauer,’*  and  also  Thoma’*  demonstrated  that  the  teeth  in  eases 
of  hyperparathyroidism  were  not  affected  even  though  the  bones  were  severely 
decalcified.  Sehour,  Tweedy,  and  MeJunkin’^  were  unable  to  find  any  evidence 
of  ealeium  withdrawal  from  the  molar  teeth  of  rats  subjected  to  parathyroidec¬ 
tomy  and  to  repeated  iiregnaneies.  The  same  conclusion  was  ivached  from  work 
of  a  different  nature  carried  out  in  my  laboratory.’"  Fully  mature  rats  were 
fed,  for  220  days,  a  diet  severoly  deficient  in  calcium  and  vitamin  1).  During 
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this  entire  i>eriod  tlie  animals  reeeivin«;  the  deficient  diet  were  in  nefjative  cal¬ 
cium  balance,  but  conti-ol  animals  fed  an  adeciuate  diet  were  almost  continually 
in  the  state  of  slight  positive  calcium  balance.  Certain  of  the  averaged  data 
obtained  with  the  ten  experimental  animals  are  shown  by  the  cross-hatched 
bars,  and  the  correspondingly  averaged  data  referring  to  the  control  animals, 
by  the  open  bars  (Fig.  6).  The  humeri  of  the  animals  receiving  the  deficient 
diet  suffered  some  decalcification  as  shown  by  the  relative  heights  of  the  bars 

!  ^  EXPERIMENTAL  J 

□  CONTROL  j  ! 


Fig.  6. — Effects  of  prolonged  calcium  and  vitamin  D  deprivation  on  the  dentin  and  on  bone  in 

the  rat 

which  indicate  the  mean  calcium  content  of  these  bones  in  terms  of  milligrams 
of  calcium  per  cubic  centimeter  of  bone.  The  molar  teeth  of  the  experimental 
animals  w'ere  loose  in  their  sockets  and  the  alveolar  bone  of  the.se  animals  was 
thinned.  However,  these  molar  teeth  oppeared  not  to  be  affected  with  regard  to 
calcium  content.  The  molar  teeth  were  separated  into  various  fractions  by  the 
specific  gravity  flotation  method  for  the  isolation  of  enamel  and  dentin.  For 
the  purposes  of  the  present  discussion,  only  the  data  with  reference  to  the  dentin 
need  be  considered,  although  the  enamel  was  also  analyzed.  Obviously  there 
was  no  difference  in  the  calcium  content  of  the  dentin  derived  from  the  molar 
teeth  of  the  animals  fed  the  inadecpiate  and  normal  diets.  In  the  ca.se  of  the 
incisor  teeth,  which  unlike  the  molars  had  been  comi)letely  reformed  .several 
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times  duriiif?  the  experimental  i)eriod,  there  was  a  slight,  but  probably  insig¬ 
nificant,  lower  calcium  content  in  the  dentin  of  the  experimental  animals  as  com¬ 
pared  with  that  of  the  controls. 

The  radioactive  isotopes  have  found  considerable  use  in  the  study  of  the 
metabolism  of  mature  teeth.  Aub  as  early  as  1938  demonstrated  an  uptake, 
under  in  vivo  conditions,  of  radium  I)  by  dentin  but  not  by  enamel.  When 
strong  preparations  of  radioactive  phosphorus  became  available,  this  isotope 
was  applied  to  the  study  of  mineral  exchanges  by  enamel  and  dentin.  Hevesy 
and  I  found*®  late  in  1938  a  small  but  measurable  fraction  of  the  total  dose  of 
labeled  phosphate  in  the  enamel  of  mature  rats  following  the  parenteral  ad- 
mini.stration  of  potent  doses  of  radioactive  sodium  i)hosphate.  This  uptake  of 
labeled  phosphorus  by  the  enamel  of  mature  teeth  has  been  repeatedly  demon¬ 
strated  with  a  variety  of  animals  and  under  different  circumstances  by  work 
done  in  our  own  laboratory  at  Minnesota,  by  the  University  of  Rochester  group, 
and  by  the  University  of  Chicago  workers.  The  results  have,  in  general,  agreed 
in  showing  that  the  uptake  of  ])hosi)horus  by  enamel  is  considerably  less  than  that 
of  the  skeleton.  Practically  speaking,  there  are  only  two  points  now  under  dis- 
ciussion  in  this  regard.  Fii-st,  the  (jiiestion  as  to  the  route  by  which  enamel  and 
dentin  can  acquire  labeled  phosphate,  and  second,  the  significance  of  the  ob¬ 
servation. 

Campbell  and  Greenberg*'  first  employed  a  radioactive  isotope  of  calcium 
in  a  study  of  the  exchange  of  calcium  by  various  calcified  tissues.  Their  data 
indicated  that  the  uptake  of  radioactive  calcium  by  the  pooled  incisor  and  molar 
teeth  of  the  rat  was  as  high  as  that  of  the  skeleton  when  the  data  were  calcu¬ 
lated  in  terms  of  the  dry  weight  of  the  tissues.  Barnum  and  I**  wished  to  study 
se])aratcly  the  exchange  by  the  constantly  growing  incisors  and  by  the  molars, 
the  last  teeth  in  mature  rats  being  constituted  of  fully  formed  enamel  and  den¬ 
tin.  Furthermore,  it  seemed  of  interest  to  study  the  enamel  and  dentin  of  the.se 
two  groups  of  teeth  separately.  Greenberg  very  kindly  supplied  us  with  a  lib¬ 
eral  amount  of  radioactive  calcium  (Ca*-’)  for  this  experiment.  Since  the  cal¬ 
cium  and  the  phosphorus  contents  of  the  several  calcified  tissues  are  different,  no 
direct  comi)ai‘ison  of  the  uptake  of  the  radioactive  element  can  be  made  between 
tis.sues  when  the  data  are  calculated  on  the  dry  weight  basis.  It  is  necessary, 
in  order  to  take  into  account  the  differences  in  composition  of  tissues,  to  utilize 
the  concept  of  the  specific  activity  whereby  the  uptake  of  the  radioactive  ele¬ 
ment  is  reported  in  terms  of  equal  units  of  the  element  present  in  the  several 
tis.sues.  In  Fig.  7  we  have  plotted  molar  specific  activities  which  refer  to  the 
fraction  of  the  retained  dose  found  per  mole  of  calcium  or  phosphorus.  In  this 
experiment  the  radioactive  calcium  and  phosphorus  were  administered  simul¬ 
taneously  to  a  single  mature  rat  and  the  animal  was  killed  five  days  later.  Thus, 
it  became  possible  to  conq^are  the  relative  rates  of  exchange  of  phosphorus  and  of 
calcium  under  the  .same  physiological  conditions.  The  relative  rates  of  exchange 
for  both  phosphorus  and  calcium  fall  off  in  this  order:  femur  marrow,  femur 
epiphysis,  femur  diaphysis,  incisor  dentin,  incisor  enamel,  molar  dentin,  and 
finally,  molar  enamel. 
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The  fact  that  .small  amounts  of  radioactive  elements  can,  under  in  vivo  con¬ 
ditions,  make  their  way  into  the  dentin  and  enamel  of  fully  formed  teeth  cannot 
he  interpreted  to  indicate  that  the  composition  of  these  structure  can  he  altered 
after  the  tooth  is  fully  formed.  It  is  (juite  possible  that  the  radioelements  which 
appear  in  enamel  and  dentin  merely  exchaiifje  or  substitute  for  the  normal  iso¬ 
topes  of  elements  already  present  in  these  tissues.  All  that  is  demonstrated  is 
the  existence  of  a  mechanism  for  transport  of  ions  between  dental  structures  and 
the  circulation.  In  any  event,  this  process  in  the  case  of  the  dental  structures  is 
feeble  in  comparison  with  that  of  the  skeleton. 


DENT  ENAM.  DENT.  ENAM 


Fig.  7. — Comparative  uptake  and  retention  of  radiocalcium  and  phosplioru.'!  by  calcified  tissues 

of  the  rat. 


With  the  physiological  background  which  I  have  tried  to  prepare  in  mind, 
I  should  now  like  to  examine  the  evidence  pro  and  con  that  single  vitamin  or 
mineral  deficiencies  can  lower  the  resistance  to  decay  of  the  teeth  of  the  human 
being. 

As  a  natural  sequel  to  the  demonstrated  influence  of  vitamin  D  lack  on 
tooth  structure,  a  very  great  deal  of  emphasis  has  been  laid  on  the  possible  role 
of  dietary  supplements  of  this  vitamin  as  a  means  of  reducing  the  caries  attack 
rate  and  in  slowing  the  progress  of  established  lesions.  These  studies  were  first 
initiated  and  vigorously  prosecuted  in  England  by  a  group  of  w’orkers  under 
the  direction  and  guidance  of  M.  Mellanby. 

As  I  previously  indicated,  ]\I.  Mellanby ’s  notion  of  the  mechanism  by  which 
vitamin  D  deficiency  increases  the  susceptibility  of  teeth  to  decay  is  based  upon 
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certain  separate  and  distinct  ol)servations  and  on  inferences  drawn  from  these 
observations.  These  observations  and  deduetioas  are:  (1)  Enamel  hypoplasia 
can  be  produced  in  a  variety  of  animals  as  a  result  of  a  deficiency  of  the  anti¬ 
rachitic  vitamin  during  the  period  of  tooth  formation.  It  is,  therefore,  a.ssumed 
that  hypoplasia  of  the  enamel  of  human  teeth  is  also  a  result  of  vitamin  D  de¬ 
ficiency.  (2)  Hypoplastic  human  teeth,  all  other  conditions  being  equal,  arc 
significantly  more  prone  to  caries  than  are  normally  formed  teeth. 

At  this  point  it  is  well  to  emphasize  that  the  hypoplasia  referred  to  by  the 
Mellanby  group  and  called  IM-hypoplasia  is  very  different  from  the  structural 
abnormality  usually  connoted  by  the  word  hypoplasia.  The  Mellanby  group 
refers  to  a  much  less  severe  but  more  common  condition  than  is  detectable  by 
.simple  visual  inspection  of  the  teeth.  The  condition  of  ^M-hypoplasia  denotes 
certain  microscopic  changes  in  the  structure  of  the  enamel  and  is  best  discovered 
in  ground  sections  of  the  teeth.  However,  it  can  be  detected  and  graded  in  teeth 
in  situ  with  the  use  of  a  fine  tipped  probe  and  a  hand  lens  because  of  the  subtle 
roughening  of  the  tooth  surface.  By  this  means  teeth  can  be  graded  into  four 
groups,  one  normal  and  three  degrees  of  hypoplasia. 

Reference  will  later  be  made  to  .some  objections  to  each  of  the  premises  of 
the  Mellanby  school.  I  should  now',  however,  like  to  indicate  briefly  the  evi¬ 
dence  derived  from  studies  with  the  human  being  which  ^I.  ^lellanby  has 
brought  forward  in  support  of  her  thesis.  It  will  be  recalled  that  while  in  cer¬ 
tain  species  of  experimental  animals,  enamel  hypoplasia  can  be  produced  by 
feeding  diets  deficient  in  vitamin  I),  these  hypoplastic  teeth  of  animals  never¬ 
theless  do  not  become  carious,  ^l.  ^lellanby  suggests  that  the  failure  of  such 
hypoplastic  teeth  to  decay  is  a  result  of  the  operation  of  some  unknown  pro¬ 
tective  factor  in  lower  animals.  She  and  her  co-workeis  have  described  in  sev¬ 
eral  publications’”  their  extensive  observations  that  M-hypoplastic  teeth  of  the 
human  being  are  more  prone  to  caries  than  normal  teeth.  Thus,  accepting  her 
thesis  that  hypoplasia  of  human  teeth  is  due  to  vitamin  D  deficiency  during 
the  period  of  enamel  formation  and  accepting  her  observations  as  to  the  in¬ 
creased  caries  susceptibility  of  such  teeth,  we  have  strong  circumstantial  evi¬ 
dence  of  the  relation  of  an  adequate  vitamin  D  intake  during  infancy  and  early 
childhood  to  caries  resistance. 

A  number  of  workers,  notably  Bibby’'”  as  well  as  Anderson,  Williams, 
Ilalderson,  Summerfeldt,  and  Agnew'’’  have  confirmed  the  Mellanby  group  with 
regard  to  the  susceptibility  of  ^I-bypopla.stic  teeth  to  decay.  However,  Taylor 
and  Day*®  and  Day*-^  alone  have  challenged  the  notion  of  the  les.sened  resistance 
of  hypoplastic  teeth  to  caries.  These  w'orkers  have  published  several  studies 
dealing  with  observations  of  rachitic  children  in  India.  They  found  no  correla¬ 
tion  between  the  incidence  or  extent  of  the  bony  stigmata  of  rickets  and  enamel 
hypoplasia. 

If  the  thesis  of  the  Mellanby  school  is  correct,  we  would  have  an  indication 
that  a  fair  proportion  of  children  m*eive  suboptimal  amounts  of  vitamin  I)  in 
their  regular  dietaries  and  as  medication.  In  this  connection  it  is  worthy  of 
mention  that  vitamin  D  deficiency,  as  evidenced  by  rachitic  changes  in  the 
bones  discoverable  only  by  histologic  examination,  is  probably  more  common 
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than  would  be  supposed  from  the  ineidenee  of  clinical  rickets.  Follis,  Jackson,  • 
Eliot,  and  Park^^  examined  stained  sections  of  the  ribs  of  230  children  who 
died  between  the  ages  of  2  and  14  years.  Evidence  of  rickets  was  found  in  46.5 
per  cent  of  all  the  eases.  The  greater  ineidenee  of  this  histologic  type  of  rickets 
occurred  in  the  younger  age  groups  and  in  thase  dying  of  acute  illness.  In  only 
five  of  the  cases  was  the  bony  condition  detectable  by  roentgenograms  of  the 
skeleton  during  life.  If  this  condition  of  occurrence  of  subclinical  rickets,  de¬ 
scribed  by  Follis,  Jackson,  Eliot,  and  Park  occurs  in  the  general  population  of 
children,  we  have  a  basis  for  understanding  of  a  wdde  distribution  of  .structural 
abnormalities  of  teeth  due  to  vitamin  D  deficiency  during  the  period  of  tooth 
formati(»n. 

If  a  fair  share  of  children  receive  suboptimal  quantitias  of  vitamin  D,  it 
should  be  possible  to  demonstrate  a  reduction  in  hypoplasia  and  in  caries  by 
addition  of  the  antirachitic  vitamin  to  the  dietary  of  children.  Several  such 
studies  have  indeed  claimed  this  result  to  occur.  Since  the  first  and  the  best 
known  of  these  studies  were  conducted  by  thb  JMellanby  groui>,  a  brief  reference 
to  their  studies  and  re.sults  will  be  made. 

Although  the  first  study  was  carried  out  in  Sheffield,^®  it  is  more  convenient 
to  describe  the  later  BirminghanP®  study  since  the  Sheffield  study  was  compli¬ 
cated  by  several  factors  with  regard  to  the  control  and  observation  of  the  sub- 
.jects.  In  the  Birmingham  study  started  in  1928,  the  children  in  three  orphan¬ 
ages  were  used  as  subjects.  In  so  far  as  was  possible  to  make  the  asse.ssment, 
the  basal  dietary  and  living  conditions  in  the  three  homes  were  practically 
identical.  A  special  addition  was  made  to  the  dietary  of  eci-b  home  so  that  there 
were  three  groups  for  observation.  These  three  grou])s  were  as  follows : 

Home  1:  Each  child  received  1  to  ounces  treacle  (molasses)  per  day. 

Home  2:  Each  child  received  14  to  21  c.c.  olive  oil  per  day. 

Home  3:  Each  child  received  14  to  21  c.c.  of  cod-liver  oil  per  day. 

A  second  investigation  was  later  undertaken  in  one  of  the  homes  in  which 
a  control  group  of  children  received  olive  oil  and  an  experimental  group  was 
given  vitamin  D  as  a  calciferol  dissolved  in  olive  oil.  All  of  the  subjects  were 
between  the  ages  of  5  and  14  years  and  averaged  9.5  years  of  age.  The  children 
continued  on  the  regimen  for  three  years  and  were  examined  at  six-month 
intervals.  The  results  of  the  two  investigations  are  summarized  in  Figs.  8  to  11. 

Fig.  8  shows  that  the  incidence  of  new  caries  in  teeth  erupting  after  the 
beginning  of  the  study  was  definitely  less  in  the  cod-liver  oil  group  than  in  either 
the  treacle  or  olive  oil  group.  The  lower  part  of  the  diagram  compares  the  aver¬ 
age  caries  figure  in  the  three  groups.  The  average  caries  figure  is  a  score  which 
takes  into  account  not  only  the  number  of  teeth  which  are  carious  but  also  the 
nature  and  size  of  the  lesions. 

With  regard  to  the  original  iHU-manent  teeth  ])resent  in  the  mouth  at  the 
beginning  of  the  study,  it  can  be  seen  (Fig.  9)  that  although  the  incidence  and 
spread  of  caries  were  less  in  the  cod-liver  oil  group,  the  diflFerences  cannot  be 
established  by  tbe  results.  It  should  be  indicated  that  the  original  permanent 
teeth  of  the  treacle  group  were  more  carious  at  the  beginning  of  the  study  than 
were  the  teeth  of  the  children  in  the  other  two  groups. 
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Kig.  10  refers  to  Investigation  II  and  shows  the  over-all  change  in  the  pro¬ 
portion  of  carious  teeth  and  in  the  average  caries  figure.  These  charted  data 
show,  at  the  end  of  the  investigation,  that  essentially  equal  percentages  of  the 
original  permanent  teeth  were  carious  in  the  two  groups  of  children.  It  will 
be  noted,  however,  that  the  children  in  the  vitamin  I)  group  had  more  carious 
teeth  at  the  beginning  of  the  study  than  those  in  the  olive  oil  group.  When  the 
data  are  calculated  to  show  the  percentage  of  originally  sound  permanent  teeth 
which  became  carious  during  the  study,  the  results  are  much  in  favor  of  the  vita¬ 
min  I)  group.  That  is,  15.48  per  cent  of  the  originally  sound  teeth  in  the  olive 
oil  group  became  carious,  while  only  9.44  per  cent  of  such  teeth  in  the  vitamin 
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Fig.  2.— Investigation  I.  Newly-erupted  ^rmanent  teeth 
average  caries  figure. 


Pig.  8. — Investigation  I.  Newly  erupted  permanent  teeth. 
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1)  jrroup  wore  carioas  at  the  end  of  the  study.  It  was,  therefore,  concluded  that 
sifjnificantly  less  caries  both  in  incidence  and  spread  occurred  in  the  original 
permanent  teeth  of  the  vitamin  D  group  than  in  the  olive  oil  group.  For  my 
part,  however,  I  feel  that  the  original  discrepancy  in  the  number  of  carious 
teeth  in  the  two  groups  may  have  had  an  important  bearing  on  these  results. 

Pig.  11  shows  the  results  observed  with  the  teeth  which  erupted  during  the 
course  of  the  second  investigation.  These  results  appear  to  indicate  a  clear 
superiority  of  the  teeth  in  the  vitamin  D  group. 

Perhaps  the  strongest  opponent  of  the  value  of  the  antirachitic  vitamin  in 
})romoting  caries  resistance  is  Day,  whose  observations  have  been  made  mainly 
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Fig.  4. — Investigation  I.  Original  permanent  teeth: 
average  carm  figure. 

Fig.  9. — Investigation  I.  Original  permanent  teeth, 
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in  India.  In  one  study,  in  Rochester,  N.  Y.,  Day  and  Sedwiek^^  fjave  4(),()0() 
U.S.P.  units  of  vitamin  D  and  6,000  U.S.P.  units  of  vitainin  A  daily  for  fifteen 
months  to  147  children  whose  aveiafie  ajre  was  13  years  and  10  months.  The 
number  of  new  caries  appeariii};  was  not  sifinificantly  different  from  that  oc- 
currint;  in  the  control  ffrouj)  of  I7I  children  of  a  similar  afje.  It  must  be  said 
with  refjard  to  this  study  that  the  dosajje  of  vitamin  I)  employed  was  massive 
and  on  this  account  may  have  deleteriously  affected  the  retention  of  calcium  and 
phosphorus.  Also,  the  subjects  studied  by  Day  and  Sedwick  were  at  an  age  at 
which  tooth  formation  and  eruption  were  more  nearly  completed  than  in  the 
children  observed  by  the  Mellanby  group. 


Fig.  5. — Investigation  ll.  Original  permanent  teeth :  • 
percentage  carious. 


Fig.  6. — Investigation  11.  Original  permanent  teeth: 
average  caries  figure. 


Fig.  10. — Investigation  II.  Original  permanent  teeth. 
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Ill  coiiiiectioii  with  the  infiuenee  of  age  ou  the  effectiveness  of  vitamin  D 
supplements  in  the  control  of  dental  caries,  the  work  of  Anderson,  Williams, 
Halderson,  Summerfeldt,  and  Agnew^'  may  be  cited.  These  workers  observed 
a  substantial  reduction  in  caries  increment  in  children  between  the  ages  of  3 
and  10  years,  but  no  effect  of  vitamin  I)  supplements  on  the  caries  increment  in 
children  aged  11  to  16  years.  There  is  evidence  to  support  the  expected  result 
that  when  the  basal  diet  contains  adequate  vitamin  D,  further  supplements  of 
this  vitamin  are  without  beneficial  effect  on  the  teeth.  The  paper  of  Schoenthal 
and  Brodsky**  may  be  referred  to  in  this  connection. 


Inspections. 


Fig.  7. — Investigation  II.  Newly-erupted  permanent 
teeth :  percentage  carious. 
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Fig.  8. — Investigation  II.  Newly-erupted  permanent 
*  teeth  :  average  caries  figure. 


Fig.  11. — Investigation  II.  Newly  erupted  permanent  teeth. 
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Some  further  ol)servatioiis  of  J)ay  may  be  briefly  described  because  of  his 
contention  that  there  is  no  correlation  between  the  occurrence  of  rickets  and 
hypoplasia  or  between  hypoplasia  and  caries.  In  one  study  Day*®  examined 
200  Hindu  boys  of  an  average  age  of  14.3  years.  These  boys  were  divided  into 
three  groups  according  to  whether  they  exhibited  no  skeletal  signs  of  past  rick¬ 
ets,  slight  evidence  of  rickets,  or  obvious  evidence  of  past  rickets  (Table  I). 
If  anything,  those  boys  with  rickets  semed  to  have  slightly  better  teeth  than 
those  with  no  evidence  of  rickets.  It  is  worthy  of  mention  here  that  the  caries 
attack  rate  of  all  subjects  was  very  low,  indeed.  The  column  on  the  right  of 
Table  I  shows  that  no  relation  of  hypoplasia  to  the  presence  of  stigmata  of  rick¬ 
ets  was  assumed  by  Day.  The  extremely  low  figure  for  caries  attack  rate  ob¬ 
served  in  Hindu  boys  is  emphasized  in  Table  II,  also  taken  from  the  paper  of 
Day. 

Tabi.e  I* 

iNCmENOE  OF  OARIF.S  AND  HyTOPIASIA  IN  RF,I,ATI0N  TO  I)F,GRF.F,  OF  Cl.INICAL  RICKETS 


DEGREE  OF  CLINICAL 

RICKETS 

NO.  OF 

BOYS 

EX¬ 

AMINED 

NO.  OF 

TEETH 

PRESENT 

NO.  OF 

CAVITIES 

PRESENT 

CARIES 

(PER 

cent) 

AVERAGE 

NO.  CAV¬ 
ITIES  PER 
MOUTH 

HYPO- 

PIJ4SIA 

(NUM¬ 

BER) 

HYPO- 

PIASIA 

(PER 

CENT) 

.\.  No  clinic-al  signs  of 
rickets 

113 

3,019 

172 

5.69 

1.52 

76 

67.26 

B.  Sliglit  clinical  rickets 

64 

1,782 

109 

6.12 

1.70 

40 

62.50 

C.  Moderate  to  severe 
clinical  rickets 

23 

656 

32 

4.88 

1.39 

14 

60.87 

Total 

o 

© 

313 

5.74 

1.56 

130 

65.00 

♦From  C.  D.  M.  Day:  Bnt.  Dent.  J.  76:  143,  1944. 


Table  II  compares  the  caries  attack  rate  of  three  groups :  the  200  boys  just 
referred  to,  a  group  of  Lahore  city  children  in  India,  and  a  group  of  children  in 
Rochester,  New  York.  Note  how'  very  much  greater  is  the  caries  attack  rate  of 
the  American  children  than  that  observed  in  either  the  Lahore  or  Kangra  Val¬ 
ley  children.  These  data  are  pre.sented  in  order  to  indicate  that  the  lack  of 
correlation  betw'een  rickets  on  one  hand  and  hypoplasia  and  caries  attack  on 
the  other  hand  observed  by  Day  may  have  been  due  to  the  operation  of  some 
pow’erful  caries  protective  factor  in  India  w^hich  is  absent  in  American  and 
English  children. 

Table  II* 

Comparison  of  Caries  Incidence  in  Various  Groups 


LOCALITY  1 

1 

NO.  OP 
CHILDREN  1 

AVERAGE 

AGE 

AVERAGE  NO. 
OF  CAVITIES 

PER  MOUTH 

PER  CENT 

TEETH 

CARIOUS 

PER  CENT 
CHILDREN 

1  CARIES-FREE 

Kangra  Valley 

■IPB 

1.56 

5.74 

49.0 

lAihore  City,  India 

5.74 

17.66 

5.95 

Ro<die.ster,  New  York 

21.76 

57.00 

0.20 

*r.  D.  M.  Day:  Brit.  Dent.  J.  76:  145,  1944. 


My  digest  of  the  studies  relating  caries  susceptibility  to  vitamin  D  intake 
leads  me  to  the  following  opinions:  (1)  Teeth  formed  during  a  period  of  sub- 
optimal  intake,  all  other  conditions  being  equal,  possess  an  increased  suscepti¬ 
bility  to  caries.  (2)  If  the  intake  of  vitamin  D  is  adequate  and  of  the  order  of 
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400  to  SOO  International  units  jicr  day,  further  supplements  with  this  vitamin 
are  not  likely  to  he  of  value.  (3)  Vitamin  I)  suj)i)lements  do  not  apiirceiahly 
alfeet  the  initiation  or  i)ro|i:re.ss  of  caries  in  teeth  already  erupted. 

There  remains  now  only  sufficient  time  barely  to  mention  the  role  of  the 
other  vitamins  and  the  minerals  in  the  control  of  caries.  With  refjard  to  vi¬ 
tamin  A,  it  can  be  stated  that  there  is  no  evidence  that  deficiencies  of  this  vita¬ 
min  either  during  the  period  of  tooth  formation  or  at  a  later  period  contribute  to 
caries  susceptibility.^**  No  studies  have  been  reported  of  the  effect  of  inadequate 
amounts  of  members  of  the  vitamin  B  complex  during  the  time  of  tooth  forma¬ 
tion  on  caries  experience  of  man  or  animals.  Kniesner,  Mann,  and  Spies***  re¬ 
ported  that  the  caries  incidence  of  patients  hosj^italized  for  treatment  of  vitamin 
B  complex  deficiencies  was  apparently  not  increased. 

A  considerable  effort  has  been  expended  to  demonstrate  whether  vitamin  C 
deficiencies  result  in  any  significant  effect  on  the  teeth  as  regards  their  resistance 
to  caries.  The  often  quoted  study  of  Hanke**  carried  out  in  an  orphanage  at 
Moosehart,  Illinois,  presented  a  striking  reduction  in  caries  susceptibility  in 
a  group  of  children  who  were  each  given  for  one  year  a  pint  of  orange  juice 
and  the  juice  of  one  lemon  per  day.  The  interpretation  of  this  study  is  exceed¬ 
ingly  difficult.  Further  difficulty  in  the  understanding  of  this  .study  is  ex¬ 
perienced  because  it  was  reported  that  three  ounces  of  orange  juice  per  day  per 
child,  which  would  be  expected  to  contain  something  like  bO  mg.  of  ascorbic  acid, 
failed  to  maintain  the  high  caries  resistance  olwerved  when  the  subjects  were 
receiving  one  pint  of  orange  juice  per  day. 

Orandison,  Stott,  and  Cruickshank,*^  who  gave  daily  supplements  of  200 
mg.  of  ascorbic  acid,  actualh'  observed  the  development  of  more  caries  than  in  a 
control  grouj).  While  it  should  not  be  concluded  that  the  a.scorbie  acid  was 
actually  harmful  on  account  of  differences  between  the  comj)osition  of  the  ex¬ 
perimental  and  control  groups,  the  fact  remains  that  no  beneficial  effects  were 
noted. 

With  regard  to  the  minerals,  there  are  no  data  which  indicate  any  increase 
in  the  dental  caries  experience  of  children  receiving  diets  partially  deficient  in 
calcium  or  i)hosphorus  or  both.  Sui>plementation  of  a  diet  moderately  low  in 
calcium  and  phosphorus  with  additional  amounts  of  these  minerals  did  not  re¬ 
sult,  in  the  hands  of  Malan  and  Ockerse,**  in  any  significant  reduction  in  caries 
increment  of  ninety-.seven  children  over  a  three-year  period.  The  claims  of 
Ilarootian**  in  this  connection  need  not  be  further  discussed. 

Finally,  I  should  like  to  state  that  I  have  no  doubt  that  there  may  be  in¬ 
dividual  differences  in  metabolic  efficiency  which  permit  of  differences  in  min¬ 
eral  retention  correlated  with  caries  susceidibility.  Practically  all  of  the  work 
on  this  topic  has  been  carried  out  by  the  Iowa  school  and  will  undoubtedly  be 
mentioned  by  Dr.  Stearns. 
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DISCUSSION 

DR.  EASLICK. — Thank  you  very  much.  Dr.  Armstrong’s  presentation  is  open  for 
discussion.  Dr.  Stearns  ? 

DR.  GENEVIEVE  STE.\RNS. — I  have  a  question  that  I  should  like  to  ask  Dr.  Arm¬ 
strong.  About  a  year  ago  a  Dutch  dentist  named  Smith  was  sent  to  this  country  by  the 
Netherlands  Government  to  pick  up  the  new  work  in  the  field  of  dental  caries.  While 
visiting  our  university  he  made  a  statement  which  made  a  very  great  impression  on  me. 
Dr.  Smith  lived  in  what  was  called  the  “hunger”  area  of  Holland,  that  i.s,  the  area  that 
was  not  only  occupied  by  the  Germans  all  through  the  war,  but  during  the  latter  part  of 
the  war  was  subjected  to  terrific  starvation.  The  people  were  down  to  600  calories  a  day 
for  the  last  four  or  five  months  of  the  war.  He  commented,  as  have  many  others,  that 
there  was  surprisingly  little  dental  caries  among  his  patients  and  those  of  other  dentists, 
even  during  the  months  of  the  “hunger”  period.  And  then,  he  said,  the  American  troops 
came  in  and  generously  shared  their  “K”  rations  with  the  Dutch  people.  He  said,  “The 
American  hardtack  tasted,  oh,  so  good  to  us  because  we  were  so  hungry  and  we  ate  the 
awful  rock.  The  next  week  and  from  then  on  my  office,  and  the  ofiices  of  every  other 
dentist,  was  full  of  patients,  not  with  caries  but  with  fractured  teeth.”  He  said  he  had 
never,  nor  had  any  other  dentist  in  the  city,  seen  anything  like  this  incidence  (»f  fractured 
teeth.  The  American  soldiers  did  not  have  fractured  teeth,  and  they  had  to  eat  the  hard¬ 
tack  when  they  had  nothing  else.  If  it  is  impossible  to  change  the  structure  of  the  teeth, 
how  would  you  account  for  this  marked  incidence  of  fractured  teeth  after  a  long  period 
of  undernutrition? 
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DR.  EASLICK. — Do  you  want  to  take  that,  Dr.  Arnistroiijf,  or  refer  it  to  a  dentist? 

DR.  ARMSTRONG. — We  have  now  heard,  with  your  report,  of  three  instances  of  a 
people  in  the  war-torn  countries  having  a  lower  incidence  of  caries  than  durinj;  the  immedi¬ 
ately  preceding  years  of  peace.  The  oltservations  of  Toverud  in  Norway  constitute  one 
such  instance  and  a  rejiort  from  London,  by  Lady  Mellanby,  I  believe,  showed  an  improve¬ 
ment  in  the  caries  attack  rate  in  school  children  in  that  city  during  the  w'ar.  I  suppose 
that  some  people  w’ould  suggest  that  the  relative  lack  of  refined  carbohydrate  in  the  dietary 
of  the  people  of  .several  European  countries  during  the  war  years  would  account  for  these 
findings. 

I  don ’t  know  how  to  explain  the  increased  number  of  teeth  fractured  by  people  in 
Holland  when  they  were  given  hardtack.  As  a  matter  of  fact,  I  did  not  have  the  impres¬ 
sion  that  the  biscuit  in  the  “K”  ration  was  particularly  hard.  As  a  guess,  I  suggest  the 
possibility'  that  the  Dutch  had  never  seen  bread  of  this  sort.  As  you  said.  Dr.  Stearns, 
they'  were  ravenously'  hungry'  and  it  may  be  that  their  mastication  was  overly  vigorous 
because  of  their  lack  of  experience  as  to  how  to  deal  With  the  material. 

DR.  EASLIUK.— Dr.  (’asey  ? 

DR.  GERARD  J.  CASEY. — As  a  member  of  the  European  expeditionary  force  may'  I 
add  a  word  about  the  “K”  ration,  possibly  in  explanation  for  the  fracture  of  teeth, 
because  I  broke  one  my'.self  over  there.  I  was  eating  “K”  rations  at  the  time.  I  think 
generally'  in  European  countries  the  dentists  do  extensive  root  canal  work.  I  may'  be 
corrected,  but  from  my'  impressions  of  dental  offices  in  Gutenberg  that  I  have  gone  into 
looking  for  things  that  might  be  of  interest,  the  Dutch  dentists  seemed  to  do  extensive  root 
canal  work.  If  there  are  large  fillings  like  MOD ’s  to  be  placed  in  tec-th,  they'  have  the 
root  filled  and  when  the  patient  starts  chewing  those  crackers  the  teeth  may'  break.  Since 
the  teeth  are  pulpless  they'  are  more  fragile.  I  had  a  pulpless  tooth,  and  I  broke  a  large 
MOD.  So  it  may'  be  that  the  Dutch  peo{)le  had  many'  pulpless  teeth  with  fillings,  and 
that  is  why'  the  teeth  fractured  on  those  crackers. 

DR.  EASLICK. — Thanks,  Dr.  Ca.sey.  Dr.  Atkins? 

DR.  A.  PAUL  ATKINS. — This  may'  not  be  pertinent,  but  I  have  a  question  I  should 
like  to  ask  the  doctor  as  long  as  he  said  that  the  administration  of  vitamin  D  was  perfectly 
safe  in  the  amounts  that  we  use.  I  know  that  it  is,  but  as  long  as  mothers  can  go  to  the 
drug  store  and  buy'  vitamin  D  and  everything  else  by'  the  carload  and  get  their  kid  in  the 
corner  and  feed  him  all  they  want  without  any  justification  or  knowledge  of  how  much  or 
why',  does  Dr.  Armstrong  care  to  say  a  word  of  caution  about  overdosage  of  vitamin  Df 

DR.  ARMSTRONG. — Your  point  is  one  which  well  may'  be  discussed.  The  vitamin  D 
content  of  cod-liver  oil  is  so  low  that  I  don ’t  believe  you  could  persuade  any  infant  to 
take  enough  to  cause  vitamin  D  intoxication.  The  more  potent  preparations,  which  are 
prepared  by  adding  calciferol  to  either  olive  oil  or  cod-liver  oil,  are  another  matter.  How¬ 
ever,  with  regard  to  all  forms  of  medication,  we  must  recognize  our  duty'  to  explain  care¬ 
fully'  the  dosage  to  be  used.  The  amounts  of  vitamin, D  required  for  toxic  effects  in  the 
adult  are  pretty  high  and  would  be  difficult  to  obtain  by'  accident.  Such  cases  have  mainly 
come  from  the  use  of  extremely'  large  doses  of  vitamin  1)  in  the  treatment  of  arthritis. 
While  you  have  a  point,  I  think  that  if  we  stick  to  the  use  of  cod-liver  oil  the  dangers  are 
not  very  great. 


DR.  EASLICK.— Dr.  Hibby? 
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I)l{.  HASIL  Ct.  UIBBY. — I  should  like  to  make  a  point  relative  to  Afellaiiby’s  work. 
Her  last  report — with  Miss  Kuiiiulus,  I  think  that  is  the  name — has  retracted  somewhat  their 
basic  conclusion  regarding  the  vitamin  1)  effects.  They  made  a  study  of  orphanages,  public 
schools,  and  county  schools  and  decided,  after  sjiending  a  little  while  in  each  institution,  that 
there  was  a  relationship  lietween  the  degree  of  microscopic  hypoplasia  and  the  amount  of 
dental  caries  that  did  not  hold  from  institution  to  institution.  Their  present  stand  is  that 
there  must  l)e  some  factor  other  than  microscopic  hypoplasia  which  predisposes  to  dental  caries, 
which  I  think  is  a  significant  conclusion  coming  from  that  source. 

DR.  ARMSTRONG. — Yes,  it  is  indeed. 

DR.  BIBBY. — Yes.  The  other  thing  I  should  like  to  ask  Dr.  Armstrong  is,  at  the 
A.  D.  A.  meeting  in  Chicago  Dr.  Shaw,  a  reliable  worker,  claims  to  have  increa.sed  caries  in 
animals  to  as  much  as  fivefold  by  feeding  carbohydrate  diets  to  the  mother  and  to  the  animals 
before  the  eruption  of  the  teeth.  I  wonder  if  you  would  like  to  explain  that  one? 


DR.  ARMSTRONG.— No! 


DR.  EASLICK.— Dr.  Taylor? 

DR.  ED\YARD  TAYLOR. — I  should  like  to  ask  Dr.  Armstrong  if  he  would  elaborate 
somewhat  on  the  importance  of  sunshine,  the  sunshine  hours,  and  the  quality  of  sunshine  as 
in  relation  to  vitamin  D. 

DR.  ARMSTRONG. — I  wish  Dr.  East  or  Dr.  Mills  were  here  to  take  that  question.  I 
think  it  is  pretty  clear  that  there  is  a  difference  in  the  geographical  incidence  of  caries.  As 
we  go  from  north  to  south  the  number  of  cavities  becomes  fewer,  and  one  might  suppose  that 
it  is  because  there  are  fewer  clouds  in  the  south  than  in  the  north,  and  that  the  latitude  of 
the  .south  is  more  favorably  di.sposed  for  sunshine,  and  so  on.  We  have  a  source  for  production 
of  vitamin  1)  in  our  own  skins,  a  derivative  of  cholesterol,  7-dehydrocholesterol,  which  will 
upon  radiation  with  ultraviolet  light  l)e  converted  into  the  same  vitamin  D  that  occurs  in  cod- 
liver  oil.  That  individual  who  receives  more  ultraviolet  radiation  from  the  sun  or  artificial 
ultraviolet  light  requires  correspondingly  less  vitamin  D  in  his  food  or  medication.  Now,  as 
an  actual  matter  of  fact — perhaps  Dr.  Stearns  may  have  more  information  than  I  do — I  know 
of  no  indication  that  the  adult  requires  vitamin  D,  that  is,  vitamin  D  in  his  food.  Even  the 
amount  of  vitamin  D  that  we  can  get  simply  by  radiation  of  our  hands  and  face,  even  if  we 
never  go  swimming,  is  apparently  sufficient  to  maintain  the  average  or  normal  adult  in  good 
health.  Now,  true  enough,  osteomalacia  is  due  to  a  lack  of  vitamin  1),  but  due  also  to  a 
reduced  calcium  intake  and  to  repeated  pregnancies  and  lactation.  Let ’s  say  men  (and  women 
who  are  pregnant  only  occasionally)  seem  not  to  need  any  increa.sed  amounts  of  vitamin  D 
above  that  which  is  present  in  a  normal  or  average  diet. 


DR.  EASLICK. — I  think  that  sqme  other  discussion  may  come  out  after  the  next 
speaker,  and  I  should  like  to  introduce  the  next  speaker  now,  because  the  time  has  come, 
gentlemen,  to  listen  to  the  feminine  part  of  this  faculty.  Before  I  introduce  her,  I  think 
that  you  are  entitled,  in  all  justice,  to  some  background  from  the  early  stages  of  the 
development  of  this  Workshop.  The  original  invitation  to  discuss  the  adequacy  of  the  diet 
as  a  caries  control  measure  went  to  Dr.  Philip  Jeans  of  the  University  of  Iowa.  When  he 
hesitated  to  become  involved  in  a  controversial  subject,  the  suggestion  was  made  that  Dr. 
Julian  Boyd  present  his  viewpoint.  Dr.  Boyd  was  going  on  a  vacation.  In  a  bit  of 
desperation,  I  wrote  Dr.  Jeans  requesting  that  he  help  me  by  naming  his  choice  for  this 
morning’s  presentation.  His  letter  came  back  suggesting  Dr.  Genevieve  Stearns  of  his 
department  of  University  Hospitals.  I  then  called  Dr.  Howard  B.  T..ewia,  Chairman  of  the 
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Division  of  Biochemistry  of  the  University  of  Michigan,  and  asked  Dr.  Lewis,  “How  will 
this  lady  from  Iowa  perform  in  an  otherwise  all-male  faculty f"  Replied  Dr.  Lewis,  “If 
Genevieve  Stearns  could  struggle  through  our  graduate  curriculum  and  come  out  with  a 
Ph.D.  degree  all  tied  up  in  maize  and  blue  ribbon,  she  can  take  care  of  herself  in  any  all¬ 
male  facult}'!  “  We  signed  her. 

Now,  Dr.  Genevieve  Stearns  has  been  asked  to  present  the  subject,  “The  Effectiveness 
of  an  Adequate  Diet  in  the  Control  of  Dental  Caries.  ’  ’  She  now  is  a  Professor  of  Biochemistry 
at  the  University  of  Iowa  and,  for  me.  Dr.  Stearns,  it  is  a  pleasure  to  present  an  alumna  of 
the  University  of  Michigan  behind  whose  skirts  two  husky  male  Hawkeyes  hid  when  my 
Planning  Committee  was  seeking  speakers.  That’s  your  introduction. 


TiiK  effectivp:ness  of  an  adequate  diet  in  the 

CONTROL  OF  DENTAL  CARIES 

Genevieve  Stearns,  Ph.D.,  Research  Professor  of  Pediatrics,  University 
OF  Iowa  College  of  Medicine,  Iowa  City,  Iowa 

It  is  olivious  to  us  all  that  iiiish-button  control  of  dental  caries  has  not 
yet  been  achieved,  and  never  will  be.  Dental  caries  is  a  complex  problem 
which  iirobably  will  not  be  solved  by  any  one  method  of  control.  So  as  a  public 
health  measure,  it  is  worth  while  to  examine  all  of  the  evidence,  even  that  con¬ 
cerning  which  some  of  you  are  most  skeptical. 

Dental  caries  is  a  very-  common  trouble;  poor  nutrition  al.so  is  far  too  com¬ 
mon.  These  two  observations  are  not  necessarily  related,  but  whatever  the 
causes  of  dental  caries,  they  must  be  widespread  among  the  American  public. 

If  nutrition  is  related  to  dental  caries,  what  nutritional  factors  are  most 
likely  to  be  involved,  and  how’  are  they  involved?  Are  certain  periods  of  life 
more  likely  to  be  periods  of  nutritional  stress  than  others?  If  so,  wiien  do  these 
danger  periods  occur?  In  what  manner  does  the  nutritional  .state  affect  the 
production  of  dental  caries? 

The  last  question  is  very  simply  answ'ered:  We  don’t  know.  Dr.  Arm¬ 
strong  has  just  told  us  that  in  his  opinion  any  factors  acting  to  inhibit  dental 
caries  must  act  through  the  oral  environment.  I  have  great  respect  for  Dr. 
Armstrong’s  opinion.  We  can  say,  then,  that  it  seems  probable  that  if  nutri¬ 
tion  affects  the  incidence  of  dental  caries,  it  does  so  through  some  action  on  the 
oral  environment.  The  knowm  association  between  heavy  calculus  and  freedom 
from  caries  lends  point  to  this  view.  But  the  fact  that  we  do  not  understand 
fully  how’  nutrition  might  act  does  not  mean  it  has  no  effect ;  we  all  have  learned 
that  changes  too  minute  for  us  to  measure  today  may  become  tremendou.sly  im¬ 
portant  tomorrow  after  w’e  develop  methods  sufficiently  accurate  to  study  them. 

The  data  summarized  in  the  following  discussion  are  draw’ii  largely  from 
our  own  findings  at  Iowa,  supplemented  by  the  excellent  studies  of  Dr.  Icie 
Macy  Hoobler  and  her  collaboraters  at  the  Children’s  Fund  of  Michigan  and 
the  findings  of  the  Midwestern  College  study  of  the  nutrition  of  college  women. 

For  purposes  of  this  discussion,  the  nutrients  of  the  diet  may  be  separated 
into  tw'o  classes:  (1)  those  whose  digestion  products  are  easily  soluble  in  w’ater, 
and  (2)  those  soluble  w’ith  difficulty.  Those  products  easily  soluble  in  water 
are  usually  w’ell  absorbed.  If  eaten,  they  are  absorbed  and  used  by  the  body. 
This  group  includes  the  proteins,  carbohydrates,  water-soluble  vitamins,  and  the 
readily  soluble  salts,  such  as  those  of  sodium  and  potassium.  Of  this  group  of 
nutrients,  we  are  concerned  only  with  the  nutrient  likely  to  be  eaten  in  in¬ 
sufficient  quantity — the  proteins.  The  second  group  includes  substances  ab¬ 
sorbed  with  some  difficulty  at  best  and  which,  w’ith  relatively  .small  changes  in 
nutritional  state,  may  be  absorbed  very  poorly,  or  not  at  all.  The  substances 
of  the  .second  group  are  the  fats  and  the  vitamins  carried  by  fats,  vitamins  A, 
D,  E,  and  K.  It  includes  also  the  less  soluble  polyvalent  minerals,  calcium, 
phosphorus,  and  iron.  For  the.se  substances  w’e  cannot  assume  that  intake  is 
eijuivalent  to  absorption  and  utilization.  The  intake  may  be  generous;  the 
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absorption,  zero.  It  seems  probable,  then,  that  in  a  study  of  relationship  of 
nutrition  and  dental  caries,  we  should  be  concerned  primarily  with  the  sub¬ 
stances  of  this  second  group  of  nutrients,  those  absorbed  wdth  difficulty.  If 
periods  of  nutritional  stress  do  occur,  we  should  expect  decreased  absorption 
and  retention  of  these  difficultly  handled  substances,  whereas  nutrients  easily  ab¬ 
sorbed  would  be  little  affected. 

When  do  these  periods  of  stress  occur?  The  first  is  the  period  of  infancy. 
The  baby  absorbs  calcium  and  phosphorus  of  cow’s  milk  poorly  and  develops 
rickets  unless  vitamin  D  is  given.  The  nutrition  during  infancy  is  important 
in  the  prevention  of  dental  caries,  for,  as  Dr.  Armstrong  has  ju.st  said,  other 
things  being  equal,  a  well-formed  tooth  decays  probably  less  easily  than  a 
poorly  formed  one,  and  calcification  of  the  permanent  teeth  begins  during 
infancy.  So  we  a.ssume  that  all  babies  in  this  country  need  vitamin  D  in  addi¬ 
tion  to  whatever  sunlight  they  get.  We  have  learned  that  the  frail  baby,  or  the 
baby  with  even  a  mild  chronic  illness,  does  not  absorb  fat  well;  therefore  he  will 
not  absorb  much  of  the  fat-carried  vitamins  of  the  diet  (vitamins  A,  D,  E,  and 
K).  Thus  the  vitamin  I)  metabolism  is  affected;  calcium,  phosphorus,  and 
iron  are  absorbed  very  poorly  and  may  even  be  lost  from  the  body  in  greater 
amounts  than  those  ingested. 

A  baby  who  has  a  mild  but  chronic  infection  is  far  more  likely  to  become 
anemic  than  a  baby  who  has  one  severe  but  short  illness.  What  is  true  of  iron 
is  true  also  of  calcium  and  phosphorus,  though  these  deficiencies  wdll  not  be 
obvious  unless  .sufficiently  severe  to  cause  rickets.  Poor  structural  development 
of  teeth  may  thus  be  expected  in  babies  whose  nutrition  is  poor,  in  those  who  are 
subject  to  frequent  colds  or  w'ho  have  chronie  infections,  even  though  these  are 
relatively  mild. 

The  development  of  the  permanent  teeth  continues  through  early  child¬ 
hood.  Although  parents  generally  have  become  educated  into  giving  infants 
good  diets  including  vitamin  D  daily,  after  the  child  is  able  to  feed  himself 
entirely  his  nutrition  Is  likely  to  suffer.  Because  riekets  is  uncommon  after 
the  period  of  infancy,  few'  children  over  2  years  old  are  given  vitamin  I).  Yet 
children  of  this  age  group  are  inefficient  in  retaining  calcium  and  phosphorus 
unless  vitamin  D  is  given  also. 

We  have  .studied  the  retention  of  calcium  and  phosphorus  by  children  of 
all  ages.  Without  added  vitamin  1),  a  few'  children  show'  adecjuate  retention, 
a  few'  show'  no  retention  or  even  loss  of  the.se  minerals,  and  the  majority  show 
some  retention  though  the  amount  often  is  inadequate  for  good  bone  and  tooth 
development.  When  300  to  400  units  of  vitamin  D  are  added  to  the  daily  diet, 
the  few'  children  whose  retention  was  excellent  w'ill  show'  little  or  no  increase  in 
calcium  and  phosphorus  retention.  The  children  whose  retention  was  very  poor 
will  show'  a  marked  increase  in  retention.  The  addition  of  vitamin  D  to  the 
dietary  results  in  greatly  improved  nutrition  of  the  group  by  bringing  up  the 
level  of  nutrition  of  all  more  nearly  to  the  level  of  those  most  efficient  without 
the  added  vitamin  D, 

We  have  found  that  as  the  childreTi  grow'  there  is  some  tendency  to  in¬ 
creased  efficiency  of  al).sorj)tion  without  added  vitamin  D  when  the  milk  intake 
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is  generous,  three-fourths  to  one  quart  daily.  Possibly,  their  increased  amount 
of  outdoor  play  provides  enough  vitamin  from  the  sun ’s  rays.  However,  in  each 
group  of  children  we  have  studied,  we  have  found  some  children  unable  to  main¬ 
tain  an  adequate  retention  without  added  vitamin  D  despite  an  ample  milk 
intake.  Therefore  we  have  concluded  that  it  is  wise  to  give  all  children  a 
moderate  amount  of  vitamin  I)  (300-400  U.S.P.  units  daily)  and  three-fourths 
to  one  (luart  of  milk  daily  during  the  entire  period  of  growth.  Such  a  pro¬ 
vision  is  good  insurance,  at  least  for  the  development  of  sound  teeth,  and 
possibly  for  their  preservation. 

At  any  age  during  childhood,  illness  results  in  lowered  gastrointestinal 
efficiency,  just  as  it  did  in  infancy.  During  these  periods,  absorption  of  iron, 
calcium,  phosphorus,  fats,  and  the  fat-soluble  vitamins  is  greatly  decrea.sed. 

Adolescence  is  a  second  period  of  metabolic  stress.  Infancy  and  early  child¬ 
hood  constituted  the  first  such  period,  with  the  children  showing  increased 
efficiency  with  increasing  age  up  to  the  period  of  the  prepubertal  growdh  spurt. 

The  need  for  calcium  is  not  constant  throughout  childhood;  it  varies  with 
the  rate  of  grow’th  normal  for  the  child  at  each  age.  It  is  obvious  that  a  daily 
pint  of  milk  does  not  provide  enough  calcium  for  those  over  5  years  old,  even 
when  vitamin  D  is  given  in  addition.  One  and  one-half  pints  of  milk  daily 
together  with  350  U.S.P.  units  of  vitamin  D  permit  ample  retention  by  all,  and 
for  the  majority,  allow  for  storage  of  calcium  for  the  inevitable  emergencies  that 
occur  with  illness  w’hen  no  calcium  and  phosphorus  are  retained. 

The  estimated  daily  calcium  need  during  the  period  of  very  rapid  growth 
is  high,  400  to  500  mg.  of  calcium  daily.  The  average  child  does  not  maintain 
such  a  retention,  for  the  bones  become  progressively  poorer  in  mineral.  Todd 
called  this  skeletal  condition  “the  physiological  osteoporosis  of  adolescence.” 
Our  problem  was  to  determine  whether  this  osteoporosis  w'ere  truly  physiological 
or  the  result  of  undernutrition. 

The  first  group  studied  was  composed  of  eight  girls,  from  11  to  15  years 
old,  who  had  lived  in  an  or])hanage  for  from  three  months  to  eight  years.  We 
gave  these  girls  graded  amounts  of  milk  and  of  vitamin  I)  in  an  attempt  to  find 
the  level  of  intake  neces.sary  to  maintain  ade(piate  retention.  When  no  vitamin 
1)  was  given,  the  lowest  retention  was  10  mg.  calcium  daily — of  the  need. 
As  we  added  vitamin  D  and  increased  the  milk  intake,  retention  values  tended 
to  increase,  but  even  though  the  girls  drank  nearly  two  quarts  of  milk  daily 
and  had  800  I’.S.P.  units  of  vitamin  D  each  day,  the  average  retention  of  the 
grouj)  was  well  below’  the  need.  A  second  study  of  a  group  of  eight  boys  from 
the  same  orphanage  gave  essentially  the  same  results.  Why  should  these  chil¬ 
dren,  at  the  time  of  their  greatest  need  of  minerals,  be  unable  to  retain  even  as 
much  as  younger  children  whose  need  is  less?  J.  A.  John.ston  of  Detroit,  has 
found  that  on  or  about  the  time  of  onset  of  menstruation,  girls  show  a  decreased 
ability  to  utilize  calcium  and  phosphorus.  In  our  study,  the  Imys  retained  these 
minerals  no  better  than  the  girls.  We  could  not  explain  sati.sfactorily  these 
unexpected  findings. 

A  third  .study  was  undeidaken  with  a  group  of  girls  from  a  second 
ori)hanage.  This  institution  was  smaller  and  had  a  larger  food  budget  per 
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child  than  had  the  fii’st  orphanage.  The  girls  were  in  abundant  health  and 
appeared  more  vigorous,  more  mentally  alert  than  the  first  group.  The  study 
followed  the  pattern  of  the  previous  studies.  The  retention  of  calcium  and 
phosphorus  was  studied  with  increasing  levels  of  milk  and  of  vitamin  D.  Con¬ 
trary  to  the  previous  studies,  these  girls  showed  ample  retention  when  given  one 
quart  of  milk  and  400  units  of  vitamin  I)  daily  along  with  an  otherwise  good  diet. 

Why  was  this  group  of  girls  able  to  retain  larger  amounts  of  calcium  and 
l)hosphorus  than  the  subjects  in  the  first  two  groups  who  had  been  given  twice 
the  intake  of  milk  and  of  vitamin  D?  For  at  least  five  years  the  “good”  group 
had  lived  at  the  orphanage  and  their  nutrition  had  been  excellent  during  all  this 
time.  The  poorer  groups,  both  boys  and  girls,  had  lived  for  several  years  under 
poorer  nutritional  conditions  at  their  orphanage.  The  only  exception  was  a 
14-year-old  girl  who  had  lived  in  a  good  home,  under  excellent  care,  until  three 
months  prior  to  our  study.  Her  retention  values  were  the  highest  in  her  group 
and  approached  those  of  the  “good  group.”  From  these  findings  we  drew  the 
tentative  eonclusion  that  the  previous  nutritional  state  of  the  ehild  has  a  notable 
influence  on  the  efficiency  of  utilization  of  a  good  diet. 

To  test  this  hypothesis,  a  third  group  of  11-  to  17-year-old  girls  was  studied. 
This  time  each  girl  was  given  a  good  diet  including  one  (juart  of  milk  and  400 
units  of  vitamin  D  daily.  The  calcium  and  phosphorus  retention  values  were 
determined  for  fifteen  days  each  month.  The  retentions  the  first  month  were 
only  fair;  improvement  in  retention,  without  any  change  of  intake  level,  con¬ 
tinued  until  by  the  sixth  month  all  the  girls  under  15  years  of  age  were  retaining 
ample  amounts  of  calcium  and  phosphorus.  The  older  girls  (15  to  17  years) 
never  achieved  the  expected  retention  during  the  eight  months  of  the  study.  We 
have  concluded,  therefore,  that  the  longer  a  ehild  is  on  a  dietary  regimen  that 
is  not  fully  adequate,  the  poorer  is  the  condition  of  his  gastrointestinal  tract,  and 
the  child  will  absorb  poorly  those  nutrients  which  are  difficultly  .soluble — calcium, 
l)hosphorus,  iron,  the  fat-soluble  vitamins,  and  fat.  It  seems  important  to  us  that 
the  dental  condition  of  the  girls  in  the  best  nourished  group  was  superior  to  that 
of  the  more  poorly  nourished  groups.  It  is  also  important  to  remember  that  the 
latter  groups  were  within  normal  range  of  height  and  weight  for  age  though  far 
inferior  in  nutrition.  When  these  poorer  groups  were  given  a  good  diet,  the 
effects,  if  an\',  on  incidence  of  dental  caries  could  not  possibly  become  evident  for 
many,  many  months. 

A  third  period  of  nutritional  stress  is  lactation,  but  not  pregnancy.  All 
the  studies  of  women  in  pregnancy  tend  to  show  that  with  a  good  diet,  includ¬ 
ing  a  moderate  amount  of  vitamin  1),  the  average  pregnant  woman  can  retain 
sufficient  calcium  for  herself  and  her  baby,  and  often  store  a  little  for  later 
need. 

For  some  reason  as  yet  not  clear,  it  is  much  harder  for  a  woman  to  maintain 
calcium-phasphorus  balance  in  lactation  than  during  her  pregnancy,  even  though 
her  diet  is  ample  and  the  amount  of  calcium  and  phosi>horu.s  secreted  in  the  milk 
is  no  more  than  the  amount  taken  up  by  the  growing  fetus.  The  average  woman 
loses  both  calcium  and  phosphorus  from  her  body  during  lactation  unless  she 
takes  one  and  one-half  quart  or  more  milk  daily,  with  a  moderate  amount  of 
vitamin  D. 
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1  know  of  no  studies  of  the  effect  of  lactation  on  the  dental  caries  rate. 
Many  such  studies  have  been  reported  for  prejiancy  with  no  correlation  ob¬ 
served.  The  old  sayin",  “A  tooth  for  every  child”  was  coined  in  the  period 
when  practically  all  babies  were  breast  fed.  Why  in  its  modern  interpretation 
it  has  been  related  exclusively  to  preg:nancy  is  difficult  to  understand.  Very 
little  is  recpiired  of  a  preg^nant  woman  in  the  way  of  storajje  of  calcium  and 
phosphorus  for  the  fetus  until  the  last  three  months  of  pregnancy;  nearly  half 
the  baby’s  calcium  is  stored  in  the  last  six  weeks  of  gestation.  In  lactation,  the 
drain  is  immediate  and  continuing;  the  mother  appears  to  be  less  efficient  in 
absorbing  and  retaining  calcium  than  she  was  during  pregnancy.  It  seems  that 
a  study  of  the  effect  of  lactation  on  dental  caries  may  be  far  more  illuminating 
than  studies  of  pregnancy  and  dental  caries.  Effects  of  pregnancy  on  caries 
would  show  up  later  than  these  studies  have  been  carried. 

A  fourth  period  of  nutritional  stress  in  the  life  of  a  woman  comes  at  meno- 
l)ause.  Apparently  at  this  time  many  women  show  a  decreased  gastrointestinal 
efficiency;  such  women  alxsorb  calcium,  phosphorus,  iron,  fats,  and  fat-soluble 
vitamins  poorly,  if  at  all.  They  arrive  at  this  period  after  years  of  poor  dietary 
intake  and  the  drain  of  several  pregnancies  and  lactation  periods.  Anemia  is 
common;  osteoporosis  is  very  common.  Women  coming  to  the  hospital  at  this 
age  because  of  osteoporosis  usually  are  edentulous,  and  so  correlation  between 
dental  caries  rate  and  this  period  of  stress  is  not  pos.sible. 

To  return  to  our  original  thesis,  if  nutrition  is  related  to  dental  caries  (and 
I  should  expect  such  relation  to  be  inverse)  the  better  the  nutrition,  the  less 
the  decay.  Then  we  should  expect  increasing  attack  rates  during  these  periods 
of  nutritional  stress  outlined.  There  is  .some  evidence  of  such  increase  with  the 
on.set  of  rapid  growth  in  early  adolescence.  The  caries  attack  rates  should  be 
studied  also  during  lactation  and  pastlactation  periods  and  in  menopause.  Such 
studies  would  no  much  to  clarify  our  thinking. 

Many  of  the  studies  at  present  in  the  literature  are  difficult,  if  not  impos¬ 
sible,  to  interpret.  Often  one  factor  of  the  diet  is  changed;  no  attention  is  paid 
to  the  remaining  factors.  If  the  diet  is  grossly  inadequate  in  many  faetoi’s, 
improving  it  in  one  factor  only  cannot  possibly  be  effective.  ^lany  of  the 
studies  on  vitamin  D  are  of  this  type.  Vitamin  D  acts  by  increasing  the  absorp¬ 
tion  of  calcium  and  phosphonis  from  the  gastrointestinal  tract.  If  sufficient 
calcium  and  phosphorus  are  not  in  the  tract  to  be  absorbed,  no  amount  of 
vitamin  D  can  be  effective.  Yet  vitamin  D  has  been  given  to  school  children  with 
no  check  on  their  calcium  and  phosphorus  intake,  and  far-reaching  conclusions 
have  been  drawn  from  the  results.  In  many  school  districts  in  poorer  urban 
sections  of  our  large  cities,  milk  sales  show'  that  few  children  get  over  a  cup 
of  milk  daily.  That  amount  is  not  sufficient  for  “  wear-and-tear”  or  neees.sary 
excretion.  No  amount  of  vitamin  D  can  cau.se  retention  with  so  low’  an  intake. 
Our  own  studies  have  shown  that  significant  increases  in  calcium  retention  w'ith 
administration  of  vitamin  D  are  obtained  only  when  the  milk  intake  is  one  point 
(500  c.e.)  or  more  daily. 

Another  error  in  many  reports  of  the  effect  of  nutrition  and  dental  caries 
is  the  common  error  of  changing  several  factors  but  ascribing  the  results  to  one 
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factor  only.  To  say,  “\Vc  took  away  all  siij^ar  and  substituted  milk  and  ej'ss, 
meat  and  ve<retables.  Because  of  the  reduction  in  carbohydrate,  a  reduetion  in 
caries  was  observed.”  Perhaps  the  statement  is  eorrect,  but  it  is  not  proved. 
Howe’s  Sfoup  in  Boston  studied  carefully  the  caries  rate  of  200  children  whose 
diets  were  carefully  refjulated  to  contain  am])le  amounts  of  all  known  nutritional 
essentials.  Beyond  these  factors,  the  diet  was  free  choice — not  sugar  free. 
They  observed  a  significant  reduction  in  dental  caries. 

At  Iowa  we  have  two  groups  of  children  under  careful  dietary  control. 
Each  group  gets  an  e.xcellent  dietaTy  regimen.  The  diabetic  children  get  no 
free  sugar;  the  children  with  celiac  disease  may  get  60  per  cent  of  their  calories 
as  glucose  (dextrose)  which  is  given  in  10  per  cent  solution  flavored  with  fruit 
juice.  Diets  of  both  groui)s  are  controlled  for  .several  years.  Both  groups 
remain  almost  caries  free.  Is  it  .something  in  the  disease  process  that  prevents 
caries?  We  think  not.  Poorly  cared-for  children  with  either  disease  may  have 
rampant  caries.  I  once  .saw  an  18-month-old  child  with  celiac  disease  and  every 
tooth  that  had  erupted  was  decayed  to  the  gum  line.  The  last  time  I  saw  her 
she  was  10  yeai*s  old  and  completely  free  .’rom  dental  caries.  Treatment  was 
begun  at  18  months  and  the  disease  had  been  well  controlled. 

In  a  hospital  one  can  study  single  children  or  small  groups  of  children 
over  a  period  of  many  months.  They  are  under  close  supervision  at  all  times. 
These  carefully  controlled  studies  lead  the  way  for  the  survey  .studies  of  larger 
groups  which  are  necessarily  under  loose  control.  The  small  studies  show  what 
can  happen;  the  larger  studies  show  what  you  can  expect  in  the  way  of  co¬ 
operation  by  the  general  public.  One  such  careful  stud.v  made  in  our  hospital 
concerned  a  12-year-old  girl  Avith  active  dental  caries.  The  cavities  were  un¬ 
touched  ;  the  child  was  not  given  a  toothbrush.  Her  diet  was  nutritionally  ade¬ 
quate  and  contained  as  much  free  sugar  and  jam  as  we  could  get  her  to  take. 
Our  water  supply  has  only  0.1  ppm  fluorine.  At  the  end  of  eight  months  she 
showed  no  extension  of  caries. 

On  the  other  side  of  the  picture  is  the  14-year-old  girl  brought  to  us  becau.se 
of  ram])ant  caries.  She  had  had  no  cavities  until  six  months  before  admission, 
but  during  that  six  months  had  developed  twenty-eight  cavities.  She  had  always 
had  an  excellent  diet.  Retention  studies  showed  no  retention  of  calcium  and 
phasphorus.  Vitamin  I)  added  to  the  diet  was  without  effect.  If  vitamin  D 
was  ineffective,  we  reasoned  that  she  probably  did  not  absorb  any  of  the  fat- 
soluble  vitamins.  Checking  her  vitamin  A  status  with  the  dark  adaptation 
^ests,  we  found  it  vei-y  poor,  though  for  a  month  i)receding  the  te.st  she  had 
received  20,000  I.U.  of  vitamin  A  daily  in  addition  to  that  of  her  diet.  We 
then  gave  her  a  diet  low  in  fat,  but  ample  nutritionally,  and  with  added  vitamins 
A  and  1)  and  nile  salt  to  enhance  the  utilization  of  the  fat-carried  vitamins. 
Within  a  few  days,  her  vitamin  A  status  was  normal  and  she  began  retaining 
calcium  and  phosphorus.  Within  a  short  time  the  expo.sed  dentin  hardened  and 
the  girl  showed  no  further  carious  activity. 

The.se  two  case  histories  are  illustrative  of  several  such  studies  we  have  con¬ 
ducted  wherein  caries  has  been  arrested  under  diet  therapy  with  diets  high  in 
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sugar,  and  wherein  caries  htis  been  arrested  after  improvement  in  the  utilization 
of  the  diet.  We  have  never  failed  to  achieve  arrest  of  caries. 

SUMMARY 

To  summarize,  if  the  incidence  of  caries  is  related  to  the  state  of  nutrition, 
we  should  expect  the  greatest  incidence  of  caries  during  or  shortly  after  periods 
of  nutritional  stress.  Such  periods  occur  at  any  age  during  illness,  especially 
during  chronic  illnesses,  though  they  be  low-grade  infections.  Other  known 
periods  of  stresses  are:  (1)  the  periods  of  rapid  growth  preceding  puberty, 
(2)  lactation,  and  (3)  menopause.  The  incidence  of  dental  caries  is  usually  con¬ 
sidered  to  be  increased  at  about  puberty.  The  incidence  at  the  other  periods 
of  stress  could  well  be  studied. 

In  evaluating  nutritional  studies  in  relation  to  dental  caries  it  is  important 
to  know  the  nutritional  history  of  the  subjects.  Improvement  of  the  diet  in  one 
respect  only  cannot  be  expected  to  bring  improvement  if  the  diet  as  a  whole 
remains  hopelessly  below  standard,  or  if  the  chief  deficiency  is  other  than  the 
material  supplied.  The  effectiveness  of  vitamin  I),  in  i^articular,  cannot  be  de¬ 
termined  unless  it  is  proved  that  the  calcium  and  phos])horus  intake  is  suf¬ 
ficiently  high  to  i>ermit  an  increase  in  retention  through  the  action  of  the  vita¬ 
min. 

When  several  factors  of  the  dietary  regimen  have  been  altered,  results  can¬ 
not  be  ascribed  to  only  one  factor.  That  seems  so  obvious  as  to  be  trite,  but 
still  it  is  the  most  common  error  in  research  reports. 

At  the  State  Univei'sity  of  Iowa,  keeping  children  under  strictly  controlled 
dietary  regimens,  we  have  okserved  complete  arrest  of  caries  with  diets  high 
in  sugar,  and  with  diets  low  in  sugar  but  always  nutritionally  adequate 
and  well-absorbed.  From  our  nutritional  studies  on  normal  children,  we 
have  concluded  that  the  longer  a  child  remains  in  a  state  of  poor  nutrition,  the 
longer  it  takes  for  him  to  utilize  a  good  diet  when  he  eats  it.  Often  many  months 
must  elai)se  before  the  child  becomes  well  nourished.  Under  these  conditions, 
it  is  slight  wonder  that  many  investigators  feel  that  diet  is  not  a  major  factor 
in  the  prevention  of  dental  caries.  It  is  not  diet,  but  the  state  of  nutrition  which 
wc  believe  to  be  an  important  factor  in  the  incidence  of  dental  caries. 


DISCUSSION 

DR.  E.VSLIUK. — Now,  we  are  only  about  a  lialf  hour  beliiml  here  at  the  moment. 
I-et 's  liave  a  brief  diseussion  of  Dr.  Stearns’  presentation. 

DR.  H.\ROLD  J.  NOYES  (University  of  Oregon  Dental  S<*hool). — Dr.  Stearns,  there 
are  two  points  that  I  should  like  to  dis<^-u.s8.  First,  briefly,  is  the  very  interesting  finding 
which  Dr.  Stearns  mentioned  of  the  period  of  lactation  being  a  serious  time  in  nutrition.  1 
was  very  interested  some  years  ago  in  Dr.  Dobb’s  laboratory  to  have  him  point  out,  when 
we  were  looking  at  x-rays,  that  it  was  the  period  of  lactatii.n  and  not  pregnancy  in  which 
there  was  mineral  evidence  of  a  difliculty  in  sttiring  and  actually  a  loss  of  mineral  and  that 
liap|)ened  irrespe<*tive  of  whether  the  mother  nurses  her  baby  or  not,  which  to  me  was  a  par¬ 
ticularly  interesting  feature,  and  I  have  been  glad  to  have  some  backing  in  the  contention, 
which  has  been  made  for  s(tme  time,  that  pregnancy  is  not  tlie  time  but  it  was  the  time  of 
lactation,  if  at  all. 
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The  second  is  that  I  am  one  of  these  unique  imlividuals  who  do  believe  that  we  have 
knowledge  of  the  mechanism  of  dental  caries.  1  think  that  much  of  our  confusion  in  that 
is  that  we  have  had  a  tendency  to  attribute  it  to  a  single  individual  factor  instead  of  to  the 
mechanism.  If  that  is  so,  then  we  would  not  expe<‘t  any  single  dietary  factor,  or  even  diet 
in  it.self  except  in  so  far  as  it  affects  the  mechanism,  to  be  effective.  The  portion  of  that 
mechanism  which  can  definitely  be  affected  is  the  structure  of  the  tooth,  the  arrangement 
of  teeth  to  a  certain  and  limited  extent,  and  the  fluids  of  the  mouth.  In  so  far  as  we  can 
affec't,  through  a  sound  nutritional  program,  the  mechanism  of  dental  caries,  then  we  will 
have  that  much  contribution  coming  from  the  over  all  i)icture  of  caries.  Isn’t  it  a  little  bit 
the  same  as  your  own  nutritional  problem?  No  single  factor  is  the  answer  in  nutrition,  no 
single  factor  other  than  that  you  can  break  the  chain  in  the  mecdianism  of  caries,  and  any 
factor  which  breaks  the  chain  in  the  carious  me<'hanism  will  have  an  effect  on  ilental  caries? 

DR.  STEARNS. — I  agree  wholeheartedly  with  Dr.  Noyes. 

MISS  ADELIA  M.  BEEUWKES  (University  of  Michigan). — I  should  like  to  bring 
out  one  point,  and  that  is,  I  don’t  think  you  are  quite  justified,  Dr.  Stearns,  in  suggesting 
that  we  are  changing  the  diets  of  all  of  our  patients  from  an  inadequate  to  an  adequate  diet, 
because  in  many  instances  our  patients  are  on  a  diet  that  you  and  I  wouhl  consider  adequate. 
The  change  is  the  reduction  in  carbohydrates  rather  than  the  change  from  an  inadt*quate  to 
an  adequate  diet.  In  many  instances  we  would  have  one  specific  change  that  you  asked  far 
experimentally. 

DR.  STEARNS. — Is  your  diet  adequate  in  all  respects?  That  is,  these  children,  you 
know,  have  ingested  a  diet  adequate  in  all  respects? 

MISS  BEEUWKES. — Well,  Dr.  Stearns,  it  is  adequate  in  so  far  as  either  you  or  I 
could  ascertain  from  long  and  tedious  computation  with  the  mothers  as  well  as  with  the 
children,  not  by  going  into  the  home  for  a  quantitative  study. 

DR.  STEARNS. — Of  cour.«e,  that  is  the  great  difficulty  of  any  outpatient  study.  You 
never  have  the  final  check.  We  have  found  that  many  of  our  mothers  were  honest  as  could 
l)e;  they  were  offering  their  children  a  very  adequate  diet  and  the  children  were  not  eating 
it.  That  finding  is  particularly  true,  I  think,  in  school  children  who  stop  in  at  the  corner 
drugstore  on  the  way  home,  because  that  is  their  crowd ’s  meeting  place,  and  they  come 
home  with  very  little  appetite.  They  are  offered  an  adequate  diet,  but  the  amounts  that  are 
eaten  are  grossly  inadequate.  That  could  be  a  large  factor. 

DR.  EASLICK. — Ladies  and  gentlemen,  for  the  final  speaker  in  this  area,  the  dietary 
control  of  caries,  and  for  the  final  formal  speaker  of  this  Workshop,  the  Planning  Committee 
went  further  and  came  back  with  more — because  they  went  clear  to  California  and  came  back 
with  the  220-pound  Hermann  Becks. 

DR.  BECKS.— 218! 

DR.  EASLICK. — Down  to  218  l)ecause  of  his  hard  work  in  this  Workshop!  Dr.  Becks, 
we  welcome  this  reversal  of  the  young-man-go-west  formula  and  enjoy  the  old-man-come-ea^t. 

Dr.  Becks  is  Professor  of  Dental  Medicine  at  the  School  of  Dentistry  of  the  University 
of  California.  The  subject  assigned  to  him  is  twofold  in  nature,  ‘  ‘  The  Physical  Consi.«tency 
of  Food  and  the  Restriction  of  Refined  Carbohydrates  in  the  Diet — The  Effect  of  Each  on 
Caries.’-’  Dr.  Becks,  don’t  be  discouraged  because  we  ran  overtime;  we  are  going  to  curb 
a  lot  of  appetites  and  give  you  all  of  the  time  that  you  need  to  present  your  subject,  and 
that  is  your  introduction. 
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This  last  report  of  the  Dental  Caries  Work  Shop  on  “The  Physical  Con¬ 
sistency  of  Food  and  Refined  Carbohydrate  Restrictions — Their  Effect  on  Caries” 
must  be  short  by  necessity  because  it  constitutes  a  sinninary  of  established  and 
widely  accepted  facts  which  have  reiieatedly  appeared  in  the  dental  and  medical 
literature  by  the  ^liehifjan  and  California  schools  and  other  laboratories.  These 
facts  s]>eak  .so  overwhelminjjly  in  favor  of  the  use  of  the  oral  Lactohacilhis 
acidophilus  index  for  the  determination  of  caries  activity  and  inactivity  that  it  is 
almost  inconceivable  to  accept  future  lesults  in  the  field  of  dental  caries  research 
if  they  are  not  aujimented  by  a  (piantitative  estimate  of  acidopjenie  micro- 
orpranisms. 

Dr.  nine  has  already  discussed  the  effect  of  detei-fjent  foods  as  cleansinp: 
airents  and  has  referred  to  the  publication  of  Kniprhton,  who  showed  by  a 
siiecially  developed  method  that  after  chewing  a  cake  of  yeast  a  reduction 
in  the  number  of  oral  bacteria  was  jiossible  by  means  of  chewing  gum,  ajiples, 
liaraftin,  oranges,  bananas,  candy  bars,  tooth  brushing,  etc.  The  other  studies 
cited  by  Dr.  Iline  indicate  that  the  number  of  acidogeilic  microorganisms  may 
jiossibly  be  influenced  by  tbe  use  of  detergent  fimds;  however,  it  has  been  our  ex¬ 
perience  that  if  actual  ramiiant  caries  activity  exists  the  influenee  of  detergent 
foods  is  minimal  but,  on  the  other  hand,  most  difficult  to  measure  accurately. 

Since  the  general  theme  of  this  meeting  has  been  The  Evaluation  of  “Dental 
Paries  Control  Technics,”  I  .shall  confine  myself  for  the  main  jiart  to  a  jirac- 
tical  measure  of  control  and  iirevention  of  dental  caries,  namely,  by  means  of 
carbohydrate  reduction.  The  studies  which  have  lieen  conducted  at  the  Uni- 
vei-sity  of  California  for  the  last  ten  years’’  ®  have  been  primarily  in  the  nature 
of  a  clinical  investigation  to  test  on  a  broad  basis  the  original  concept  of  the 
Michigan  school,  that  a  reduction  of  caries  activity  can  be  accomplished  by  re¬ 
ducing  an  excessive  refined  carbohydrate  intake,  which  in  turn  causes  the  num¬ 
ber  of  lactobacilli  to  decrease.  Our  studies  were  in  no  way  aimed  at  a  .search 
for  the  etiology  of  dental  caries. 

Keeping  in  mind  that  from  a  practical  point  of  view  the  two  avenues  of 
(1)  individual  and  (2)  mass  control  or  prevention  may  be  followed,  the  redue- 
tion  of  refined  sugars  is  strictly  an  individual  control  or  prevention  program 
and  naturally  a  difficult  one.  It  is  quite  obvious  that  any  attempt  on  the  part  of 
dentists  to  reduce  refined  carbohydrates  and  sugars  in  the  daily  food  intake  of 
their  patients  requires  that  they  have  a  thorough  understanding  of  foods  and 
the  many  jnoblems  of  nutrition.  On  the  other  hand,  it  does  not  seem  reasonable 
to  ai>i)ly  this  somewhat  conqilieated  procedure  to  patients  who  develop  only  one, 
two,  or  three  eavities  per  annum.  In  fact,  it  is  our  belief  that  this  procedure 
should  api)ly  only  to  rampant  dental  caries  cases  in  which  the  life  expectancy 
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of  the  denture,  because  of  the  development  of  many  cavities,  is  greatly  en¬ 
dangered.  Therefore,  in  more  mitigated  forms  of  dental  caries  where  only  an 
occasional  cavity  develops  it  might  be  sufficient  to  advise  a  patient  to  reduce  the 
refined  sugar  intake  to  a  minimum  without  running  concurrent  L.  a-cidophilus 
tests.  However,  in  the  extreme  forms  of  dental  caries  the  change  6f  the  L. 
acidophilus  index  as  the  result  of  a  reduced  sugar  intake  should  be  w'atched  care¬ 
fully. 

The  first  assumption  that  the  intake  of  excessive  sugars,  and  especially  re¬ 
fined  sugars,  must  be  related  to  dental  caries  probably  was  not  an  original  dis¬ 
covery  with  Bunting  and  Jay  and  their  collaborators^’  ■*’  because  it  is  a  widely 
understood  observation  that  the  excessive  use  of  sugars  is  detrimental  to  the 
teeth.  However,  it  was  left  to  the  Michigan  school  to  provide  sound  clinical 
observations,  a  laboratory  test,  and  judgment  to  show  that  a  trias  exists  in  the 
process  of  the  development  of  caries:  (1)  at  the  time  of  the  development  of 
dental  caries,  (2)  a  large  number  of  oral  lactobacilli  is  present  and  one  finds  in 
the  overwhelming  majority  that  (3)  the  host  is  consuming  large  quantities  of 
sugar.  The  reader  should  be  cautioned  with  regard  to  an  interpretation  of  this 
statement  since  no  attempt  is  being  made  and  no  data  are  available  in  this  lab¬ 
oratory  which  would  definitely  establish  a  causative  reltionship  between  lacto- 
bacilli,  sugar,  and  dental  caries  even  though  the  clinical  impression  is  overw’helm- 
ing. 

After  the  first  observations  on  this  subject  were  published  by  the  IMichigan 
group,  which  were  a  challenge  to  the  dental  profession  and  the  public,  it  was  de¬ 
cided  to  put  the  observations  of  Bunting  and  Jay  to  a  clinical  test  and  to  estab¬ 
lish  on  a  broad  basis  and  on  a  large  number  of  patients  (1)  whether  the  findings 
could  be  confirmed  and  were  valid  for  various  age  groups  and  (2)  whether  they 
were  practical  to  apply  in  a  general  dental  practice.  For  a  working  plan  three 
objectives  were  set  up,  to  establish:  (1)  whether  the  L.  acidophilus  is  con¬ 
sistently  present  during  caries  activity  and  absent  during  caries  inactivity; 
(2)  whether  the  reduction  of  refined  carbohydrate  intake  is  effective  in  reducing 
the  L.  acidophilus  index;  and  (3)  whether  the  reduction  of  a  high  L.  acidophilus 
index  is  always  accompanied  by  a  reduction  in  dental  caries  frequency. 

For  the  first  objective,  1,250  individuals,  between  the  ages  of  4  and  60  years, 
with  rampant  dental  caries  were  selected,  and  even  though  one-half  of  this 
group  was  18  years  or  younger,  a  good  distribution  of  various  ages  was  ascer¬ 
tained.  It  was  felt  that  such  a  large  number  of  patients  would  provide  a  suf¬ 
ficiently  dependable  picture  so  that  statistical  computations  could  be  applied. 
Determinations  of  L.  acidophilus  indices  on  two  successive  days  of  these  1,250 
individuals  confirmed  beyond  any  doubt  the  findings  of  the  Michigan  school: 
In  87.7  per  cent  (1,096  eases)  high  L.  acidophilus  indices  ranged  between  1,000 
and  1,000,000  colonies  per  cubic  centimeter  of  saliva.  Low  indices  up  to  999 
per  cubic  centimeter  were  found  only  in  12.3  per  cent  (154  cases).  However, 
if  values  between  300  and  999  colonies  are  considered  high,  the  total  number  of 
high  indices  would  amount  to  90.1  per  cent  against  8.9  per  cent  low  indices. 

The  opposite  picture  was  found  in  a  group  of  265  caries-free  individuals  of 
whom  a  total  of  82.3  per  cent  (218  cases)  had  low  indice.s,  and  17.7  per  cent 
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(47  cases),  hif?h  indices.  Even  though  the  contrast  in  this  group  was  somewhat 
slighter  than  in  the  rampant  dental  caries  group,  it  was  found  in  subsequent 
studies  of  these  caries-free  individuals  that  more  than  one-half  of  those  with 
high  indices  developed  dental  caries  shortly  afterward.  Because  of  these  rather 
striking  findings,  it  could  be  concluded  that  with  few  exceptions  caries  activity 
is  always  accompanied  by  high  L.  acidophilus  indices,  and  in  a  state  of  caries 
inactivity  these  microorganisms  are  absent. 

The  second  objective  required  a  most  careful  and  painstaking  clinical  study 
and  monthly  L.  acidophilus  checks.  Even  though  this  study  extended  over  a 
period  of  five  years,  only  a  comparatively  .small  group  continued  over  the  entire 
length  of  time  because  just  a  few  cared  to  submit  monthly  samples  longer  than 
one  or  two  years.  These  clinical  and  bacteriological  studies  were  divided  into 
one-year  observations  so  that  the  data  were  comparable.  Thorough  clinical  and 
roentgenographic  examinations  were  made  at  the  beginning  and  at  the  expiration 
of  each  year.  The  patients  were  required  to  record  their  food  intake  for  seven 
days  according  to  careful  instructions.  Following  the  first  two  salivary  tests 
they  were  then  asked  to  eliminate  all  excessive  refined  sugars.  A  detailed  de¬ 
scription  of  the  procedure  for  the  evaluation  and  correction  of  the  food  intake 
was  published  from  this  laboratory.® 

Jay  suggested  a  plan*®  to  reduce  the  carbohydrate  intake  to  approximately 
100  (Jm.  daily  by  eliminating  sugar  as  well  as  bread,  potatoes,  and  the  higher 
carbohydrate  fruits  and  vegetables  for  two  weeks  during  which  time  a  rapid 
decrease  of  the  L.  acidophilus  index  occurred.  After  these  two  weeks  he  rein- 
. stated  all  carbohydrates  with  the  exception  of  free  sugar  and  again  after  two 
weeks  the  j)atients  were  permitted  to  include  sugar  in  desirable  amounts  wdth 
one  meal  a  day.  He  rei)orted  that  a  high  percentage  of  patients  on  this  regime 
were  able  to  maintain  a  low  L.  acidophilus  index,  and  thereby  reduce  caries  ac¬ 
tivity.  This  approach  has  not  worked  too  well  in  our  hands  as  a  practical 
routine  procedure  because  many  indignant  mothers  and  even  adult  patients  were 
reluctant  to  submit  to  such  an  extreme  restriction  of  food  intake  becau.se  of  fear 
that  this  regime  would  be  a  hazard  to  their  physical  well-being  even  if  it  was 
applied  for  only  a  few  weeks. 

In  our  study,  patients  were  im])res.sed  with  the  necessity  of  eliminating 
all  “excessive”  refined  sugars  and  refined  flour  products.  Fresh  fruit  was  to 
he  consumed  only  once  a  day  for  breakfast  and  not  during  the  day.  The  fre- 
(pient  use  of  fresh  fruit  for  luncheon,  during  the  afternoon  horn’s,  or  after  din¬ 
ner  before  retiring  caused,  in  many  instances,  the  L.  acidophilus  index  to  re¬ 
main  at  a  high  level.  Among  the  fresh  fruits,  bananas  were  singled  out  becau.se 
of  their  high  carbohydrate  content  and  stickiness.  Canned,  .stewed,  or  dried 
fruit  was  also  eliminated.  In  almost  every  instance,  a  very  high  proportion  of 
calories  had  to  be  replaced  by  other  foods  with  particular  emphasis  on  proteins. 
Wherever  there  was  a  medical  i)roblem  in  existence,  as  for  instance,  allergies, 
endocrine  disturbances,  etc.,  the  correction  of  food  intake  was  made  in  collabora¬ 
tion  with  the  family  i)hysician.  Only  very  infrequently  i)atient.s  objected  to 
such  a  j)rogram  and  expressed  unwillingness  to  abide  by  such  a  I’estriction. 
These  were  primarily  children  who  had  little  discipline  and  whose  parents  could 
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not  exert  their  infiuenee  and  authority.  Tliis  elimination  and  siihstitution  pro- 
jrram  wlien  followed  to  the  letter  resulted  in  an  immediate  drastic  reduction 
of  the  L.  acidophilus  index. 

A  total  of  790  one-year  observations  of  a  random  "rouj)  were  thus  made 
with  the  following  results:  In  a}>iiroximately  one-third  (246  eases)  the  hi»h 
L.  acidophilus  indices  dropi)ed  to  zero  and  remained  zero  throu?ihout  the  year. 

A  second  third  (306  cases)  dropped  down  to  zero  or  a  very  low  level  and  either 
remained  low  or  zero  or  fluctuated  slijihtly.  A  total  of  70  per  cent  (r)r)2  indi¬ 
viduals),  therefore,  resimnded  favorably  to  this  program  with  an  elimination 
or  drastic  reduction  of  lactobacilli .  followino;  the  nutritional  restrictions  and 
established  this  procedure  as  a  most  im]>ortant  tool  in  eliminating  acid  produc¬ 
tion  in  the  oral  cavity.  Since  nutrition  problems  vary  with  each  family,  per¬ 
sonal  contact  with  the  imtient  was  found  to  be  mo.st  imi>ortant  for  the  success 
of  this  i)ro^ram.  Instructions  that  were  "ivcn  by  written  communications  or 
throufih  the  personnel  in  individual  dental  offices  were  not  as  effective. 

The  third  objective  was,  of  course,  the  most  imj)ortant  one,  namely,  to 
e.stablish  whether  the  elimination  or  reduction  of  the  oral  laetobacilli  would 
actually  be  accompanied  by  a  reduction  in  dental  caries  incidence.  The  above 
790  individual  one-year  observations  on  the  behavior  of  the  L.  acidophilus  index 
following  nutritional  correction  were  plotted  ajrainst  the  development  of  cavities 
diiriii"  this  period.  In  62.3  per  cent  (492  cases)  no  more  caries  was  observed 
durinj?  one  year,  17.7  per  cent  (140  cases)  developed  one  or  two  cavities,  and 
20  per  cent  (158  cases)  developed  three  and  more  cavities.  Since  these  790 
cases  were  taken  from  a  rai^lom  jiroup,  it  was  suspected  that  if  those  patient.s- 
who  according;  to  our  records  showed  little,  if  any,  cooperation  were  eliminated 
from  these  statistics,  the  ]>ercenta<;e  of  re.sults  would  be  higher.  By  eliminating 
125  uncooperative  i)atients  from  the  total  grouj)  of  790,  the  re.sults  were  as  fol¬ 
lows:  71.7  per  cent  (473  cases)  did  not  show  any  new  caries,  17.3  per  cent 
(115  cases)  developed  between  one  and  two  cavities,  and  11.6  per  cent  (77  eases) 
develojied  three  and  more  cavities.  Furthermore,  if  the  reduction  from  ten  or 
more  cavities  in  the  preceding  year  to  one  or  two  cavities  during  the  one-year 
observation  period  was  accei)ted  as  evidence  of  definite  improvement  and  con¬ 
sidered  a  good  clinical  result,  the  j)ercentage  of  marked  reduction  in  caries 
activity  for  the  total  group  of  790  i)atients  was  80  per  cent.  In  the  restricted 
group  (665  ])atients)  from  which  the  noncooperative  iiatients  were  eliminated, 
this  figure  rose  to  88.4  per  cent. 

As  can  be  readily  seen,  the  factor  of  cooperation  is  a  very  important  one  and 
will  influence  the  i)ercentage  of  success  in  the  hands  of  various  investigators  or 
clinicians.  For  this  reason,  it  should  be  noted  that  the  younger  the  child,  the 
more  frequently  did  we  find  a  lack  of  cooperation,  while  the  reverse  was  true  for 
the  adult  group  with  a  better  understanding  of  the  i)roblem.  In  the  over-all 
picture,  cooperation  was  obtained  by  approximately  80  per  cent  of  all  patients. 

Since  it  has  been  susi)ected  by  some  that  the  actual  jirevention  and  control 
of  decay. is  not  due  to  the  reduction  of  refined  eai'bohyd rates  but  rather  to  their 
sub.stitution  by  other  carbohydrates  and  ])i'oteins  as  mentioned  this  morning  by 
Dr.  Stearns,  attention  should  be  called  to  an  investigation  which  Follins,  densen. 


rARTKS  rOXTROT.  KVALT'ATTOX 


400 


Volume  1~ 

Number  3 

and  Becks'^  reported  in  1942.  In  this  study  eontrastiii"  groups  of  students  of  the 
('niversity  of  California  of  eoinparable  age,  sex,  environment,  and  occupation 
were  selected  consisting  of  ninety-nine  individuals  who  were  caries  inactive  and 
never  had  had  any  caries  experience  and  107  individuals  who  were  extremely 
caries  active.  Detailed  dietary  histories  were  taken  by  personal  interviews. 
Even  though  these  were  evaluated  against  an  arbitrary  standard,  the  results 
of  the  food  intake  analyses  were  comparable.  It  was  found  that  food  essentials 
like  i)rotein,  calcium,  i>hosphorus,  carotin,  thiamin,  ascorbic  acid,  and  vitamin  D 
were  not  more  deficient  in  the  rampant  caries  group  than  in  the  caries-free 
group,  and  no  more  adecpiate  in  the  earies-free  group  than  in  the  caries-free 
group.  The  caries  incidence,  therefore,  can  hardly  be  exi)lained  on  the  basis  of 
different  amounts  of  these  essentials.  The  only  difference  with  regard  to  food 
intake  in  these  two  groui)s  consisted  in  the  refined  sugars  and  concentrated 
sweets.  These  averaged  ai>])roximately  an  equivalent  of  ten  teaspoonfuls  of 
.sugar  daily  for  the  caries-inactive  group  and  eighteen  teaspoonfuls  of  sugar 
daily  for  the  caries-active  group.  Kecent  postwar  observations  in  England, 
Italy,  India,  and  Sweden  emjdiasized  the  fact  that  the  reduced  sugar  ration 
actually  decreased  the  caries  incidence  of  the  ])opulation,  and  starvation  diets 
during  the  war  did  not  increase  the  caries  incidence  in  these  countries. 

The  above  findings  indicate  that  the  fundamental  work  of  Bunting,  Jay, 
and  co-workers  could  be  confirmed  with  the  following  conclusions: 

1.  The  reduction  of  the  L.  (tcidophUus  index  can  be  obtained  within  a  period 
of  a  few  weeks  by  reducing  the  exces.sive  refined  carbohydrate  intake  and  by 
rci)lacing  the  calories  derived  from  these  foods  by  increasing  the  intake  of  milk 
and  milk  products,  meat,  eggs,  and  vegetables. 

2.  The  high  degree  of  success  establishes  the  reduction  of  refined  carbo¬ 
hydrates  at  least  as  one  effective  means  of  reducing  the  oral  L.  acidophilus 
index. 

3.  In  a  group  of  660  cooperative  patients  with  rampant  dental  caries,  the 
reduction  or  elimination  of  oral  lactobacilli  was  accompanied  by  a  decrea.se  in 
caries  incidence  in  88.4  ])er  ctmt  or  088  individuals. 

4.  A  program  of  dental  caries  control  or  jircvention  is  entirely  ]>ractical 
and  effective  in  i)rivate  ]>ractice,  in.stitutional  work,  and  the  ])ublic  health 
service. 
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DISCUSSION 

DR.  EASLICK. — Thank  you.  Dr.  Becks.  It  is  12:30,  but  I  think  that  you  enjoyed  that 
which  Dr.  Becks  had  to  say.  Now,  Ijefore  we  have  a  very  brief  discussion  period,  1  have 
just  a  few  announcements  to  make.  I  yet  have  to  get  my  five  cents’  worth  in  this 
morning.  An  announcement  which  I  have  to  make  is  that  the  State  Dental  Health  Directors 
are  planning  a  lunch  at  the  Michigan  Union.  I  hope  they  get  over  there  in  time  for  lunch 
at  the  Michigan  Union.  And  the  next  announcement  I  have  to  make  is  to  refresh  your  minds 
we  do  have  a  dinner  this  evening.  You  probably  will  get  at  least  $2.13  worth  of  food,  you 
will  listen  to  a  speaker  who  is  one  of  the  local  boys  that  made  good  (he  got  such  a  big  name 
before  the  public  that  it  spelled  down  the  champion  eighth  grade  speller  in  Nebraska),  and 
you  will  also  listen  to  a  local  boy  who  did  not  make  good,  who  has  to  serve  as  toastmaster. 
Now  five  minutes’  worth  of  discussion  of  Dr.  Becks’  paper.  Dr.  Knutson? 

DR.  JOHN  KNUTSON  (United  States  Public  Health  Service). — I  just  want  to  correct 
a  statement,  or  misunderstanding  of  a  statement  as  alleged  to  have  been  made.  I  do  believe 
that  the  time  is  here  for  the  dentist  to  charge  for  preventive  service.  1  merely  pointed  out 
the  dentist  has  not  had  the  experience  of  charging  for  these  preventive  services  that  tlie  medi- 
<*a]  man  has  had. 

DR.  W.  A.  ARMSTRONG  (University  of  Minnesota). — I  should  like  to  ask  a  question 
for  a  point  of  information,  and  not  in  any  way  about  discussion.  Could  you  tell  us  in  .some 
quantitative  terms,  either  in  grams  or  teaspoons,  the  difference  between  what  you  regard  as  a 
satisfactory  diet  in  refined  carbohydrates  and  the  average  of  such  diets?  What  1  want  to 
get  at  is  what  quantitatively  is  the  difference  in  those  two  types  of  diets? 

DR.  BECKS. — This  question  has  l>een  asked  many  times.  Of  course,  I  shall  have  to 
refer  you  back  to  the  individual  tolerance  of  sugar.  We  actually  judge  the  sugar  tolerance 
for  caries  safety  by  the  number  of  bacteria.  In  other  words,  if  you  want  to  eat  a  box  of 
candy  every  day  and  don ’t  want  to  develop  cavities,  then  it  is  best  to  check  your  L.  acidophilus 
index  first.  If  you  .should  have  200,000  colonies,  it  would  be  safe  on  the  basis  of  our  studies 
to  assume  that  with  this  high  index,  you  would  develop  new  cavities.  In  other  words,  we 
measure  the  response  to  sugar  intake  by  the  number  of  lactobacilli  present.  Even  though  a 
certain  percentage  of  carbohydrates  is  required  for  physical  well-being,  they  don ’t  have,  to 
come  from  refined  sugars.  Does  that  answer  your  question? 

DR.  ARMSTRONG. — No,  I  am  still  not  satisfied.  I  think  you  might  give  some  indica¬ 
tion  as  to  how  low  these  refined  carbohydrates  go  in  one  average  ca.se — .50  Gm.,  10  Gm.,  zero, 
or  100  Gm.,  or  what? 
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DR.  BECKS. — That  is  for  caries  prevention,  you  mean?  Well,  I  don’t  believe  that 
we  can  speak  in  terms  of  an  “  average  case,  ’  ’  because  the  respon.se  to  sugar  intake  varies  with 
each  individual.  Perhaps  Phil  Jay  has  a  better  answer. 

DR.  PHILIP  JAY  (University  of  Michigan). — No.  I  don’t  think  we  have  the  informa¬ 
tion  to  answer  that  as  yet.  We  arrived  at  our  rather  peculiar  method  of  restricting  the 
sugar;  we  restrict  the  sugar  to  a  much  lower  level  than  Becks  does,  and  then  after  a  period 
of  time  we  allow  them  to  have  sugar  at  one  meal  a  day,  and  you  will  find  that  after  the  pre¬ 
liminary  period,  70  per  cent  of  the  individuals  who  have  had  rampant  caries  will  tolerate,  I 
.should  judge,  about  50  Gm.  at  least  of  sugar  a  day  and  not  have  caries  activity.  Does  that 
answer  your  question  somewhat? 

DK.  ARMSTRONG. — That  comes  much  closer  than  Dr.  Bec-ks  did.  The  point  I  am 
trying  to  make  is  that  if  50  Gm.  is  a  low  carbohydrate  intake  what  is  high — 200,  300,  500 
grams? 

DR.  ,rAY.— Yes,  yes. 

DR.  ARMSTRONG. — Well,  50  is  10  per  cent  of  500.  It  still  seems  to  me  that  50  Gm.  . 
of  carbohydrate  is  an  awfully  lot  of  carbohydrate  for  the  oral  flora.  That  much  should 
furnish  sufficient  .substrate.  I  believe  your  work  and  I  understand  it,  but  how  can  you  ex¬ 
plain  the  mechanism  by  which  this  much  carbohydrate  reduction  reduces  the  bacterial  flora? 
Within  the  test  tube,  these  concentrations  would  certainly  be  ample  for  bacterial  growth. 

DR.  BECKS. — Well,  as  I  .said  before,  we  judge  caries  activity  and  sugar  tolerance 
(which  is  not  a  very  good  term)  entirely  by  the  number  of  lactobacilli  because  we  don’t 
liave  a  qualitative  difference  betewen  the  various  sugars  and  various  sweets.  For  instance, 
we  don’t  know  the  difference  between  brown  sugar  and  white  sugar  in  terms  of  their  effect 
on  caries  activity  or  their  effects  on  lactobacilli.  The  same  goes  for  fruit  sugar  and  other 
refined  sugsirs.  We  go  entirely  by  the  number  of  lactobacilli.  If  they  drop  out,  we  keep 
our  patients  on  this  regime  for  three  months.  Then  we  add  more  fresh  fruit  to  the  daily 
food  intake,  and  if  the  lactobacilli  don’t  return,  we  allow  a  dessert  every  sei'ond  or  third 
day.  It  has  been  our  experience  that  after  three  months  the  majority  of  individuals  can  tol¬ 
erate  larger  amounts  of  sugar  again  without  increasing  their  L.  acidophilus  index  again. 

DR.  EASLICK. — Dr.  Bibby,  I  think  had  his  hand  up. 

DR.  BASIL  G.  BIBBY  (Eastman  Dental  Dispensary). — I  have  been  rather  impressed, 
in  reviewing  the  literature  over  a  number  of  years,  with  the  association  between  the  frequency 
of  eating  and  dental  caries.  In  fact,  on  the  other  side  of  the  almost  preventable  cure,  1 
.seriously  have  been  advocating  reduction  in  the  frequency  of  eating  as  a  caries  preventable 
control.  I  should  like  to  know  if  either  Dr.  Jay  or  Dr.  Becks  has  noticed  any  influence,  any 
relation  between  the  frequency  of  eating  in  addition  to  the  carbohydrate  content  on  the 
life  or  activity  of  the  lactobacillus? 

DR.  EASLICK. — Dr.  Bibby,  when  you  .state  a  question  like  that  you  start  a  fight. 

DR.  BIBBY. — Oh,  I  don’t  think  so;  there  was  no  fight  intended. 

DR.  EASLICK. — I  mean  I  don’t  know  which  one  to  ask  first.  I  shall  take  a  chance, 
since  Dr.  Jay  is  local,  and  ask  Dr.  Becks. 

DR.  BECKS. — Well,  there  might  be  a  correlation,  Dr.  Bibby.  There  is  apparently 
a  difference  whether  you  eat  half  a  box  of  candy  at  one  time  or  throughout  the  day.  We  try 
to  have  our  patients  avoid  eating,  for  instance,  fresh  fruit  between  meals  or  again  after 
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dinner,  or  drinking  milk  after  dinner  before  retiring,  because  we  have  the  impression  that 
the  frequency  of  eating  has  something  to  do  with  the  development  of  the  lactobacilli.  Dur¬ 
ing  the  fresh  fruit  season  our  patients  are  to  cut  out  the  fresh  fruit  during  the  day — they  can 
have  fresh  fruit  in  the  morning  for  breakfast  only.  “Chronic  apple  eaters”  and  youngsters 
who  consume  large  numbers  of  oranges  when  they  come  out  of  school  in  the  afternoon,  usually 
have  a  very  high  L.  acidophilux  in<lex.  This  frequent  eating  of  fruit  sugars  might  have  a 
definite  relation  to  caries  incidence.  However.  I  don't  think  that  we  have  sufficient  evidence  of 
a  causative  relationship  as  yet. 

DK.  E.\SLICK. — Dr.  .lay.  are  you  satisfied  witli  Dr.  Hecks'  answer? 

DK.  .T.\Y.— Oh.  yes. 


DK.  E.XSLICK. — Dr.  Robinson? 

DK.  H.XMILTOX  B.  G.  ROHIXSOX  (^Ohio  State  University). — Dr.  Hwks  made  a  state¬ 
ment  and  I  think  it  might  l)e  taken  with  wrong  intent  although  I  know  what  he  intended. 
He  has  intimate<l  that  adequacy  of  diet  is  unimportant.  Xow,  when  Dr.  Becks  says  that, 
or  when  any  of  us  say  that,  we  are  speaking  only  in  respect  to  dental  caries.  The  adequacy  of 
the  diet  isn't  going  to  affect  the  dental  process.  Xow.  some  nutritionists  might  suggest  that 
we  are  ad\wating  that  i>eople  don't  need  an  adequate  <liet  at  all.  They  still  need  an  adequate 
diet,  but  from  the  general  standpoint.  .\s  far  as  dental  decay  is  concerned,  the  adequacy  of  the 
diet  does  not  seem  to  be  very  important.  Although  it  might  be  from  other  oral  standpoints, 
such  as  affef!ting  the  periodontal  or  gingival  .strmdures.  Perhaps  dentists  should  continue 
to  advocate  an  adequate  diet,  but  not  to  have  the  con<‘ej)t  that  it  is  going  to  stop  decay.  That 
is  a  very  gcmil  way  to  produce  a  lot  of  harm.  You  say  to  a  child,  “You  do  this,  and  do  that, 
and  drink  this  and  drink  that  and  eat  this  food  and  you  won't  have  any  more  decay.”  Poor 
little  .fohnny  comes  back  in  six  months,  anil  you  reach  over  and  pull  down  the  handpiece 
and  work  on  .Johnny's  te«*th  and  Johnny  los«*s  his  whole  faith  in  you.  You  can't  s|)ecifically 
give  an  additive  dietary  for  the  te<*th.  but  don't  let  nutritionists  interpret  tluit  as  saying 
we  don’t  l»elieve  in  adequate  diets.  I  think  we  all  ladieve  in  adequate  diets,  but  some  of  us 
don’t  ladieve  that  it  is  very  important  in  the  caries  pro«-ess. 

DK.  E.XSLB'K. — I  think  I  shall  exercis«*  a  chairman's  prerogative  and  declare  this  .session 
adjourned. 


DK.  E.\HI.irK. — XVe  shall  begin  right  where  we  left  off  at  it  o’clock  this  afternoon, 
with  some  more  dental  caries  control.  The  first  day  that  you  were  here,  I  promised  you,  as 
a  coming  extracurricular  attraction,  the  man  who  caused  the  Xebraska  champion,  eighth 
grade  speller  to  be  disqualified  in  a  national  spelling  bee  (he  could  not  spell  the  word, 
Lactobacillus  acidophilus;,  and  the  holder  of  the  preschool  long-distance  sjdtting  record. 
When  they  were  but  three  years  of  age  lu*  examined  saliva  samples  from  the  five  Dionne 
quintuplets  all  the  way  from  <’o|ander,  Ontario.  Tonight  his  subject  is  different.  It  i.s 
“The  Present  Status  of  Caries  Control  Measures — XX'orkshop  Summary.”  I  think  that 
every  one  of  you  should  know  that  it  is  a  pleasure  to  turn  over  this  part  <d'  the  jirograin 
to  Dr.  Philip  .lay. 


TIIK  I’HKSKNT  STATl'S  OF  (;ARIKS  (M)NTROI.  MEASI  RES* 

J’llILIP  Jay,  AsSOCIATK  PrOKKSSOR  of  DkNTISTRV,  rNIVKHSITY  OF  Michioax, 

Ann  Arbor 

It  is  my  assignment  to  summarize  the  Yast  amount  of  material  wliieh  has 
l)een  presented  at  this  AVorkshoj).  The  task  is  an  easy  one,  if  not  aetually  su¬ 
perfluous.  I  haYe  been  familiar  with  the  studies  of  all  the  es.sjiyists  as  I  have 
listened  to  most  of  them  diseuss  their  problems  many  times,  but  I  am  compelled 
to  remark,  at  the  ri.sk  of  breaking  the  long-established  taboo  against  dental  caries 
iTseareh  workers  complimenting  each  other,  that  they  certainly  carried  the  mail 
this  past  week. 

All  of  the  speakers  appreciate  the  rigid  requirements  for  effective  reseairh 
as  stipulated  by  Dr.  Wallace  at  the  opening  of  this  meeting.  You  have  listeneil 
to  the  various  phases  of  dental  caries  research  presented  dispassionately  and  very 
simply  by  lecturei’s  whose  observations  were  supported  by  data  which  were  pre- 
st'nted  to  you  for  inspection.  Your  conclusions  may  differ,  even  as  there  are  dif¬ 
ferences  of  opinion  among  the  investigators  who  have  gathered  these  data.  That 
is  quite  natural  since  all  of  us  view  this  material  from  vantage  points  based  upon 
backgrounds  of  varied  personal  experiences. 

This  conference,  however,  was  not  characterized  by  confusion.  After  listen¬ 
ing  to  and  i)artieipating  in  these  discussions  those  of  you  whose  job  it  is  to  dis- 
•seminate  dental  health  material  should  have  little  patience  with  the  oft-repeated 
phrase,  ‘“Little  is  known  about  the  etiology  and  control  of  dental  caries.”  A 
great  deal  is  known  about  both.  The  mechanism  by  which  the  carious  lesion  is 
l>roduced  has  been  clarified  by  studies  which  were  described  during  this  Fon- 
ference.  It  is  ])erfeetly  obvious,  from  the  data  which  have  been  presented,  that 
the  onset  of  caries  activity  can  be  predicted  and  that  the  development  of  the 
lesion  can  be  ])revented.  That,  it  seems  to  me,  is  knowing  a  great  deal  alnnit  a 
disease.  It  is  true  that  the  known  control  measures  are  not  practical  in  every 
case,  but  the  fact  that  they  are  workable  at  all,  even  under  very  special  con¬ 
ditions,  is  evidence  that  dental  caries  research  has  been  fruitful  and  that  tin* 
future  is  not  as  bleak  as  it  appeared  not  so  many  yeaix  ago. 

In  order  to  a])preciate  fully  the  significance  of  this  (‘onference  it  is  well  to 
remind  you  that  the  lecturei*s  were  not  selected  because  of  any  uniformity  of 
oi)inion.  Neverthele.ss,  it  was  api)arent  that  there  was  agreement  on  some  points. 
That  should  be  a  comfort  to  those  of  you  whose  job  it  is  to  transfer  information 
from  the  laboratory  to  the  fiehl. 

\Vritei-s  on  this  subject  have  shown  a  tendency  of  late  to  refer  to  dental 
caries  research  woi'kei*s  as  constitutionalists  or  eiivii-onmentalists,  depending 
upon  whether  they  think  that  the  «lisease  is  influenced  by  .systemic  or  environ¬ 
mental  factors.  We  in  Ann  Arboi*.  for  instance,  have  been  cited  as  horrible 
examples  of  the  environmentalists  because  so  much  of  our  attention  has  bt***!! 
focused  upcm  the  relaticm  of  lactobacilli  to  dental  caries  activity,  and  also  because 
We  were  never  able  to  relate  caries  to  the  state  of  nutritiim.  As  a  matter  of  fact, 
it  would  be  ri<liculous  to  assume  that  conditions  surrounding  the  teeth,  which 

•  I’rt-sfiittMl  at  the  lUniifr  of  The  I'aries  •.'’ontrul  Ounferenee  on  Friday  evening.  Sept.  12. 
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exist  in  a  body  cavity,  are  not  influenced  by  systemic  conditions.  Consequently, 
it  is  of  interest  to  determine  which  systemic  conditions  might  regulate  such 
dental  environmental  factors  as  the  oral  flora  and  conditions  which  permit  the 
jiroduetion  of  acid  on  tooth  surfaces. 

We  have  heard  a  lot  about  both  during  this  Conference.  All  of  the  speakers 
agreed  that  caries  control  measures  are  effective  through  their  influence  ui)on  the 
t(K)th’s  environment.  It  was  also  apparent  from  these  discussions  that  acid  jiro- 
•luction  in  the  mouth  is  of  major  importance. 

From  Dr.  Chase’s  scholarly  dissertation,  it  is  evident  that  the  dental  tissues 
are  vulnerable  to  the  action  of  acid.  Dr.  Stephan  demonstrated  differences  in  the 
acid  potential  of  dental  plaques.  He  pointed  out  that  the  pH  of  the  plaque 
drops  immediately  after  the  ingestion  of  sugar  and  that  the  extent  of  the  drop 
varies  directly  with  the  degree  of  caries  activity  on  each  particular  tooth  surface. 
From  this  it  may  be  assumed  that  the  nature  of  the  bacteriological  flora  of  the 
dental  plaques  may  vain'  from  tooth  to  tooth.  This  should  suffice  to  relieve  any¬ 
one  of  the  delusion  that  the  caries  process  is  a  simple  one.  However,  two  facts 
are  definitely  known:  a  quantitative  relationship  must  exist  between  acid  pro¬ 
duction  and  the  carbohydrate  substrate  from  which  the  acid  is  produced.  It  has 
also  been  shown  that  the  enzyme  system  which  is  responsible  for  the  acid  pro¬ 
duction  on  the  tooth  is  bacterial  in  origin.  Inasmuch  as  the  flora  associated  with 
caries  is  characterized  by  the  presence  of  lactohacilli,  most  attention  is  being 
centered  upon  the  fermentation  of  carbohydrate  in  the  mouth  and  upon  the 
growth  eharaeteristics  of  lactohacilli. 

A  relationship  has  been  shown  to  exist  between  the  presence  of  carbohydrate 
in  the  mouth  and  the  growth  of  lactohacilli.  The  carbohydrate  then  may  have  a 
double-barreled  action  in  that  it  provides  both  the  substrate  for  acid  production 
and  a  growth  factor  for  the  bacterial  which  brings  about  the  acid  production. 
Dr.  Becks  has  described  the  clinical  application  of  this  knowledge.  By  restrict¬ 
ing  the  amount  of  sugar  in  the  diets  of  a  large  number  of  patients,  he  has  ob¬ 
served  a  drop  in  the  number  of  oral  lactohacilli  and  a  reduction  in  caries  activity. 
While  he  was  describing  the  diet  which  he  employed  so  successfully  in  California 
I  could  catch  the  gleam  in  Genevieve  Stearns’  .shining  eyes  beeau.se  it  was  ap¬ 
parent  that  the  Becks’  diet  is  nutritionally  adequate  and  in  good  balance  and 
certainly  Dr.  Stearns  and  her  as.soeiates  in  Iowa  have  for  years  maintained  that 
an  adequate  diet  which  meets  the  nutritional  requirements  of  the  body  will  .serve 
to  prevent  dental  caries  as  well.  We  have  been  impressed  with  the  evidence  pre¬ 
sented  by  Dr.  Stearns  relative  to  the  importance  of  nutrition  in  the  maintenance 
of  good  growth  and  health.  Many  of  us  are  wondering,  though,  if  caries 
wouldn’t  have  been  arrested  in  the  Iowa  studies  on  diets  which  were  less  perfect 
nutritionally  but  which  contained  the  same  low  level  of  sugar  intake.  We  think 
we  made  just  that  observation  here  at  Michigan  when  we  demonstrated  an  ex¬ 
tremely  low  incidence  of  dental  caries  in  a  group  of  children  on  a  low-sugar  diet 
which  was  not  optimum  in  a  nutritional  sense.  Although  I  can’t  imagine  Dr. 
Stearns  ever  experimenting  with  children  on  inadequate  diets,  I  have  an  idea 
that  some  day  the  Iowa  and  Michigan  studies  will  come  out  at  the  same  place. 
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Dr.  Robinson  was  well  supplied  with  the  ammunition  necessary  to  demon¬ 
strate  how  completely  dental  caries  is  disassociated  from  general  disease  as  well 
as  with  perfectly  normal  states  of  which  pregnancy  is  a  classic  example.  Cer¬ 
tainly  Dr.  Armstrong  presented  sufficient  evidence  for  an  understanding  of  w'hy 
dental  caries  is  not  associated  with  disturbances  of  mineral  metabolism. 

There  are  denti.sts  in  this  room  who  have  observed  patients  free  of  dental 
caries  even  though  they  consume  large  amounts  of  sugar.  They  haven’t  seen 
many  such  patients  it  is  true,  but  they  exist,  nevertheless. .  That  is  why  Dr.  Wil¬ 
liams  is  interested  in  the  serological  characteristics  of  lactobacilli.  There  are 
times  when  conditions  in  the  mouth  are  not  compatible  with  the  growth  require¬ 
ments  of  lactobacilli  so  that  the  immunological  implications  should  be  explored. 
He  has  found,  as  have  others,  that  lactobacillus  agglutinins  may  be  produced 
in  the  blood  of  human  beings.  He  has  also  learned  that  before  much  more  can 
he  learned  about  immunization  against  lactobacilli,  it  will  be  necessary  to  un¬ 
tangle  a  complex  serological  relationship  which  exists  between  many  types  of 
lactobacilli.  It  is  also  apparent  that  Dr.  Williams  is  well  on  the  way  to  clarifying 
this  difficult  problem. 

There  are  other  possibilities  in  the  caries  prevention  field.  The  role  of  silver 
nitrate  in  caries  control  has  been  discussed  for  years.  Among  us  here,  Olin 
Hoffman  of  Iowa  thinks  it  works  and  John  Knutson  of  Washington  thinks  it 
doesn’t.  Dr.  Zander,  whose  job  it  was  to  render  a  Verdict,  “isn’t  saying.”  He 
is  of  the  opinion  that  silver  nitrate  could  be  given  a  fairer  trial.  If  I  have  mis¬ 
construed  his  deductions,  I’m  sure  he'll  let  me  know’  about  it. 

Dr.  Hine  was  unable  to  tell  us  that  prophylaxis  and  tooth  brushing  are  very 
effective  means  of  combatting  dental  caries.  His  assignment  was  most  difficult 
since  practically  no  statistical  data  are  available  on  this  subject.  I  think  w’e  can 
deduce  from  Dr.  Hine’s  presentation  and  the  discussion  which  followed  it  that 
the  prevalence  of  dental  caries  will  not  be  reduced  by  tooth  brushing  but  that  the 
lesions  themselves  are  less  extensive  when  they  occur  on  teeth  which  arc  regu¬ 
larly  brushed. 

Remarkable  results  are  not  to  be  exi)ected  from  tooth  brushing  unless  of 
course  you  brush  your  teeth  with  Dr.  Kesel’s  tooth  powder.  He  has  found  that 
lactobacillus  counts  are  reduced  following  the  use  of  a  tooth  powder  which  con¬ 
tains  dibasic  ammonium  phosphate  and  urea.  He  has  gathered  sufficient  data 
to  theorize  that  the  ammonia  ion  inhibits  the  lactobacillus,  thus  allowing  the 
entrenchment  of  Bacterium  aerogenes.  This  organism  produces  an  enzyme  which 
deaminizes  the  amino  acids,  thus  liberating  ammonia  making  it  difficult  for  the 
lactobacillus  to  re-establish  itself.  A  cycle  is  thus  ci-eated  which  to  the  lacto¬ 
bacillus  is  “vicious.”  Dr.  Kesel  and  his  associates  are  conducting  a  study  in 
several  Illinois  cities  in  which  school  children  use  the  preparation  under  strict 
supervision.  The  outcome  of  this  extensive  program  will  be  awaited  with  great 
interest.  Certainly  I  should  prefer  a  tooth  brushing  i*egimen  to  one  w’hich  re- 
(piires  the  diligent  selection  of  low-carbohydrate  foods. 

In  a  sense,  antibiotics  play  an  imi^ortant  part  in  the  inhibition  of  lactobacilli 
thiough  the  Use  of  the  ammonium  urea  compounds  by  favoring  the  gi-ow’th  of 
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li.  aerogenes.  According  to  Dr.  Hill's  studies,  lactobacilliis  counts  can  be  re¬ 
duced  by  the  use  of  penicillin  dentifrice.  Neither  Dr.  Kesel  nor  Dr.  Hill  has 
presented  clinical  data  which  indicate  the  extent  to  which  caries  is  controlled 
by  these  means,  but  the  bacteriological  evidence  is  good.  Some  allergists  frown 
upon  the  regular  use  of  penicillin,  and  there  is  the  problem  of  maintaining  the 
potene.v  of  penicillin  at  room  temperature.  To  date.  Dr.  Hill  has  seen  no  contra¬ 
indication  for  its  use  because  of  sensitization.  The  fact  that  he  is  not  advocating 
the  use  of  this  drug  for  the  control  of  caries  at  this  time  does  not  minimize  the 
importance  of  these  studies.  The  discovery  of  a  means  of  altering  the  oral  flora 
contributes  enormously  to  the  knowledge  of  the  etiology  and  control  of  this 
disease. 

One  of  Dr.  Hill's  famous  proteges  was  fortunate  to  make  his  debut  in  a 
l)rol)lem  about  which  there  has  been  no  controvei-sy.  I  am  referring,  of  coui'se, 
to  Dr.  Arnold  and  his  interest  in  the  epidemiology  of  caries  with  reference  to 
fluorine  in  domestic  water  supplies.  Everyone  agrees  that  low  caries  attack  rates 
occur  in  populations  supplied  by  waters  which  contain  fluorine.  One  reason  for 
the  lack  of  argument  about  this  fact  is  due  largely  to  the  degree  of  ]>erfection  of 
the  epidemiological  techniques  employed  by  Trendley  Dean,  Arnold,  and  their 
associates.  They  had  incontrovertible  evidence  before  they  made  known  their 
findings.  You  have  noticed  that  Dr.  Arnold  is  unwilling  to  state  that  the  ad¬ 
dition  of  sodium  fluoride  to  water  will  reduce  dental  caries  activity.  T  have 
enjoyed  witnessing  several  episodes  during  which  .some  pretty  insistent  impiisi- 
tors  have  attempted  to  extract  such  a  positive  statment  from  him.  Of  course 
I've  had  similar  experiences  myself,  but  it's  much  more  fun  watching  Aniold's 
reaction  to  these  traumata.  The  fact  remains  that  it  is  not  .vet  known  whether 
or  not  the  addition  of  fluoride  will  reproduce  the  conditions  which  we  have 
observed  in  areas  where  fluorine  occurs  naturall.v.  Our  a  i)riori  reasoning  tells 
us  that  positive  results  will  be  obtained  in  experiments  now  in  i)rogress,  but  it 
certainly  is  dangerous  for  research  workers  to  draw  conclusions  from  data  which 
have  not  yet  been  obtained.  Even  if  we  should  find  that  water  treatment  is  effec¬ 
tive,  it  is  apparent  from  Dr.  Arnold's  review  of  this  subject  that  calcium  fluoride 
and  bone  meal  in  the  products  now  on  the  market  are  not  effective  caries  control 
agents.  At  any  rate,  it  is  not  conceivable  how  fluorine  taken  internall.v  would 
affect  the  susceptibility  of  teeth  already  calcified.  Dr.  Knutson  has  presented 
very  impressive  evidence  which  indicates  that  sodium  fluoride  applied  toincally 
to  teeth  reduces  the  incidence  of  caries.  His  studies  confirm  the  observations  of 
others  that  multiple  applications  of  fluoride  to  the  teeth  of  children  up  to  lb 
years  of  age  are  effective.  When  Arnold,  Dean,  and  Singleton  applied  sodium 
fluoride  to  the  teeth  of  19-year-old  men,  no  beneficial  results  were  observed. 
Their  study  differed  from  those  yielding  positive  results  in  that  the.v  treated  an 
older  age  group  and,  although  they  made  three  a])plications,  the  treatments  were 
given  at  the  same  sitting.  This  would  indicate  that  either  the  age  of  the  patients 
or  the  interval  of  time  which  elapses  between  the  applications  is  very  im|)ortant. 
Dr.  Knutson’s  findings  indicate  that  four  treatments  given  within  a  two-  or 
three-week  period  produce  optimum  results  in  children  up  to  fifteen  years  of  age. 
It  is  possible  that  four  treatments  applied  to  adults  during  the  same  time  inter- 
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val  would  be  equally  effective.  At  present,  there  is  no  statistical  evidence  in¬ 
dicating  whether  or  not  adults  may  benefit  by  this  treatment.  It  is  interestinj? 
to  speculate  upon  the  mode  of  action  of  fluorine.  Several  possibilities  have  been 
considered.  Fluorine  is  an  enzyme  poison  and  could  interfere  with  the  fermen¬ 
tation  of  sug:ars  into  acid.  It  could  reduce  acid  activity  by  lowering  the  solu¬ 
bility  of  the  teeth,  or  by  inhibiting  the  growth  of  the  bacteria  themselves.  Per¬ 
haps  it  woiks  in  all  three  ways.  In  this  connection  it  is  a  curious  fact  that  when 
applied  topically  fluorine  does  not  reduce  the  oral  laetobacillus  count  despite 
the  fact  that  laetobacillus  counts  are  unusually  low’  in  individuals  whose  teeth 
were  calcified  in  fluoride  areas.  It  is  quite  obvious  that  we  have  here  a  fascinat¬ 
ing  ]>roblem.  Fosdick  will  very  likely  come  up  wuth  the  answer  .some  day. 

His  studies  have  thrown  a  great  deal  of  light  on  the  mechanism  by  which 
acid  is  produced  on  the  teeth  from  carbohydrate.  Dr.  Fosdick  has  experimented 
with  enzyme  inhibitors  in  the  hope  of  finding  a  method  of  treating  .sugar  so  that 
it  may  be  used  with  impunity.  Two-methyl-1,  4-naphthoquinone  is  such  a  sub¬ 
stance.  He  has  pre.sented  evidence  which  indicates  that  the  use  of  chewing  gum 
containing  it  has  a  caries-inhibiting  effect.  Although  it  is  theoretically  sound,  I 
do  not  think  that  the  practicability  of  this  ])rocedure  has  been  established.  I 
have  the  distinct  feeling  that  Dr.  Fosdick  will  find  a  way,  but  I  hope  it  won’t 
re(juire  the  regular  use  of  chewing  gum. 

At  any  rate,  Bibby  has  shown  that  chewing  gum  isn’t  a  very  good  vehicle 
for  fluorine.  He  was  one  of  the  first  to  obtain  satisfactory  results  with  sodium 
fluoride  used  toi)ically  but  has  not  been  able  to  find  that  mouthwashes  or  other 
salts  of  fluorine  are  practical. 

In  closing  these  rather  rambling  remarks,  I  hope  that  the  w’orkers  in  public 
health  who  have  attended  this  Conference  agree  with  me  that  they  can  go  home 
with  some  definitely  established  facts  about  dental  caries  control.  First  of  all, 
dental  caries  activity  can  be  greatly  reduced  by  the  adoption  of  low-sugar  diets. 
That  the.se  diets  should  meet  all  of  the  nutritional  requirements  for  good  health 
is  just  ])lain  common  sense.  It  is  also  clearly  evident  that  it  is  possible  to  main¬ 
tain  caries-free  teetb  in  a  poorly  nourished  body.  That,  of  eoui-se,  is  merely  of 
academic  importance. 

Dental  caries  activity  can  be  reduced  by  the  topical  api^lication  of  sodium 
fluoride.  ^lineral  and  fluoride  jireparations  now  being  marketed  are  not  effective. 
Df  the  measures  in  the  immediate  offing,  I  am  most  encouraged  by  the  po.ssi- 
bilities  of  fluorination  of  public  water  supplies,  the  use  of  dentifriees  utilizing 
the  princi]>le  of  dibasic  ammonium  pbosphate  and  urea,  and  the  treatment  of 
fermentable  sugars  with  enzyme-inhibiting  substances.  It  has  been  a  long,  hot 
week,  but  I  hope  you  have  benefited  by  these  discu.ssions  as  much  as  I  have. 


DR.  EASLICK. — You  an*  well  fed,  relaxed,  and  ready  for  more.  I  know  that  the  next 
speaker  is  relaxed  Reeause  he  doesn’t  know  that  he  is  the  next  speaker.  You  may  be  sure  that 
none  of  these  proceedings  have  esca{)ed  his  attention.  Dean  Bunting,-  will  you  please  tell  us 
what  you  are  thinking  about  ? 
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DR.  BUNTING. — I  am  very  pleased  to  have  the  opportunity  of  expressing  my  personal 
appreciation  of  this  significant  conference  on  dental  caries.  As  I  have  sat  through  the  sessions 
of  the  week  and  have  listened  to  the  presentations  made,  I  have  l)een  impressed  with  the  scope 
and  the  quality  of  study  that  has  been  devoted  to  this  problem.  It  recalls  to  me  the  early  days 
of  dental  caries  research  and  by  comparison  shows  so  clearly  how  much  progress  has  been  made. 

It  has  been  my  good  fortune  to  live  through  and  to  be  intimately  associated  with  a  long 
period  of  evolution  in  the  study  of  dental  caries.  I  was  privileged  to  know  W.  D.  Miller  per¬ 
sonally  and,  had  he  lived,  I  was  to  have  l)een  his  assistant  in  the  new  laboratories  which  were 
built  for  him  in  the  new  dental  building  here.  That  was  in  1907,  just  forty  years  ago. 

Following  his  untimely  death,  I  was  left  alone  to  carry  on  in  this  school  the  investigations 
in  dental  caries  and  pathology  to  which  Miller  had  contributed  so  largely.  For  this,  I  was 
wholly  unprepared  and  it  was  many  years  l)efore  any  substantial  progress  was  made.  In  these 
early  years  of  development,  I  was  associated  with  Faith  Hadley,  U.  G.  Rickert,  and  Mary 
Crowley.  Our  progress  was  slow  and  halting  until  in  19.30  when  we  obtained  a  substantial 
grant  from  the  Children’s  Fund  of  Michigan  to  undertake  a  concentrated  and  coordinated 
study  of  the  problem  in  which  trained  workers  in  the  fields  of  bacteriology,  nutrition,  chemistry, 
and  dentistry  were  employed.  In  the  organization  of  this  Michigan  Dental  Caries  Research 
Group  and  the  conduct  of  the  studies.  Dr.  Philip  Jay  has  always  played  a  very  important  role. 

If,  as  the  result  of  our  studies  here,  we  have  been  able  to  make  some  significant  con¬ 
tribution  to  the  knowledge  of  this  subject,  we  are  indeed  very  glad.  Since  the  termination  of 
our  group  studies,  many  new  developments  have  been  brought  forward,  and  previous  observa¬ 
tions  have  been  given  greater  substantiation.  In  this  school  Dr.  Jay  has  carried  on  notable 
studies  of  the  carbohydrate  factors  and,  in  conjunction  with  the  National  Institute  of  Health, 
has  taken  an  active  part  in  the  experimental  fluorination  of  community  water  supplies.  Major 
research  projects  are  ahso  being  conducted  in  other  centers  and  the  investigators  are  delving 
into  many  new  and  untilled  fields  of  study  related  to  the  problem  of  dental  caries.  It  is  with 
great  satisfaction  that  we  view  these  advancements  in  knowledge  and  the  gradual  extension 
of  the  frontiers  of  understanding  of  this  intricate  problem. 

Looking  back  in  reminiscence  over  the  years  of  active  study  of  dental  caries,  we  have 
seen  many  alluring  theories  come  and  go;  panaceas  and  methods  of  prevention  have  been 
proposed  and  widely  accepted,  only  to  be  found  that  they  were  but  will-o’-the-wisps  that  led 
nowhere.  Today  they  are  gone  and  forgotten,  except  for  their  record  in  the  annals  of  our 
profession,  but  one  day  they  were  broadcasted  throughout  the  land  as  great  discoveries  which 
would  forever  abolish  the  scourge  of  dental  caries.  I  have  often  thought,  in  reviewing  the 
stages  by  which  our  present  knowledge  has  been  evolved,  that  if. I  had  the  pen  of  a  Paul  de 
Kruif,  I  would  write  a  book  outlining  the  interesting  trends  of  thought  through  which  we  have 
passed  and  I  would  call  it  “The  Romance  of  Dental  Caries.’’  To  me  it  has  been  a  glamorous 
quest  that  has  l)een  at  times  almost  an  obsession.  Now  that  I  can  see  so  much  substantial 
progress  as  has  been  reported  at  this  conference  and  the  zeal  and  true  scientific  approach  with 
which  the  investigators  are  attacking  the  problem,  I  have  real  hope  that  even  in  my  lifetime, 
this  great  question  may  l)e  solved,  and  that  the  boon  of  freedom  from  dental  caries  may  1)6 
vouchsafed  to  mankind  through  dental  research. 

May  I  wish  you  Godspeed. 


REPORTS  OF  EVAl.L  ATIXO  COMMITTEES* 

The  MfX'HANiSM  of  the  Caries  Process 

COMMITTEE  I,  whose  assignment  it  was  to  study  and  report  on  the  mecha¬ 
nism  of  the  caries  process,  agreed  that  before  attacking  the  prol)lem  of  the 
mechanism  of  the  caries  process  an  acceptable  definition  of  dental  caries  should 
he  formulated.  After  the  formulation  of  the  definition  it  was  agreed  to  consider 
in  chronologic  order  the  various  factors  concerned  in  the  mechanism  of  the 
caries  process. 

In  the  pre])aration  of  the  final  report  the  committee  agreed  to  follow  the 
policy  of  basing  its  conclusions  on  the  scientific  evidence  which  has  been  sub¬ 
stantiated  by  acceptable  procedure.  However,  it  also  was  agreed  to  include  some 
information  which  may  be  an  important  factor  in  the  mechanism  of  the  caries 
process  but  to  .state  that  additional  evidence  is  needed  to  substantiate  the  opin¬ 
ions  based  on  such  information. 

DEFINITION 

Dental  caries  is  a  disease  of  the  calcified  tissues  of  the  teeth.  It  is  caiLsed 
by  acids  resulting  from  the  action  of  micro-organisms  on  carlrnhyd rates,  is  char¬ 
acterized  by  a  decalcification  of  the  inorganic  portion  and  is  accompanied  or 
followed  by  a  disintegration  of  the  organic  suKstance  of  the  tooth.  The  lesions 
of  the  disease  predominantly  occur  in  particular  regions  of  the  tooth,  and  their 
type  is  determined  by  the  morphologic  nature  of  the  tisvsue  in  which  they  appear. 

FORMATION  OF  ACID 

The  acids  involved  in  the  caries  process  are  derived  from  carbohydrate 
substances  after  they  have  been  acted  on  by  microbial  enzymes.'**®  Tbe  enzymes 
have  their  origin  from  the  microbial  flora  which  has  an  enzyme  .system  callable 
of  breaking  down  carbohydrates  to  acids.  Any  micro-organism  or  combination 
of  micro-organisms  which  is  capable  of  maintaining  an  acid  potential  sufficient 
to  decalcify  enamel  is  capable  of  initiating  dental  decay. 

MICRO-ORGANISM 

The  following  micro-organisms  have  been  found  capable  of  producing  this 
acid  potential  in  vitro:^^  lactobacilli,  aciduric  streptococci,  diphtheroids,  yeasts, 
.staphylococci  and  certain  strains  of  .sarcina. 

The  lactobacilli  are  the  only  micro-organisms  which  have  been  found  to 
show  a  .significant  increa.se  in  incidence  with  the  initiation  of  caries.*'***®  Lactic 
acid  has  been  demonstrated  to  he  present  in  the  caries  lesion  by  a  specific 
method.®'  ***  Phosphoglyceric,  ])yruvic,  formic,  acetic,  propionic  and  butyric 
acids  have  been  demonstrated  to  be  formed  by  microbial  action  in  saliva-sugar 
mixtures.**** 

DECALCIFICATION 

Whether  or  not  the  acid  formed  will  decalcify  the  enamel  of  a  tooth  is 
dependent  on  the  degree  of  acidity  and  the  time  that  acid  is  in  contact  with  the 
tooth.  There  is  good  evidence  to  indicate  that  an  acid  potential  in  the  vicinity 

•Reprinted,  with  additions,  from  J.  A.  D.  A.  36:  3,  1948. 
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of  pH  5.0  is  sufficient  to  decalcify  the  inorganic  structure  of  a  tooth.”*  The 
time  that  the  acid  must  be  in  contact  with  the  tooth  in  order  to  produce  decalci¬ 
fication  is  not  known. 

SUBSTRATE  AND  ENZYME  SYSTEM 

A  suitable  substrate  and  enzyme  system  are  necessary  for  the  production 
of  acid.^'^®  The  preponderance  of  evidence  indicates  that  the  acids  are  formed 
by  that  which  now  is  accepted  as  the  “anaerobic  phase’’  of  carbohydrate  degra- 
dation.^'*®  It  is  recognized  that  other  paths  of  degradation  are  possible,  but  as 
yet  they  have  not  been  demonstrated  to  occur  in  the  mouth.  The  substrate  is 
derived  from  ingested  carbohydrate  or  carbohydrate  from  any  other  possible 
source.  The  enzyme  .systems  are  known  to  be  derived  from  the  micro-organisms, 
but  they  also  may  be  derived  from  the  oral  tis.sues  and  secretions. 

RETENTION  OR  DISSIPATION  OF  ACID 

The  effect  of  the  caries  process  on  the  tooth  is  made  possible  by  circum¬ 
stances  or  structures  which  retain  sufficient  acid  in  contact  with  the  tooth  sub¬ 
stance.  These  factors,  not  necessarily  listed  in  their  order  of  relative  importance, 
include  (1)  the  dental  plaque,  an  organic  nitrogenous  mass  containing  mul¬ 
titudes  of  micro-organisms  firmly  adhering  to  the  teeth,’**””  (2)  the  anatomic 
characteristics  of  the  tooth,  (3)  the  position  or  arrangement  of  the  teeth  in  the 
dental  arch  and  (4)  the  presence  of  dental  appliances. 

INHIBITORY  FACTORS 

There  are  also  natural  factors  in  the  mouth  which  contribute  to  the  dissipa¬ 
tion  of  acids  formed  on  the  tooth  surface,  such  as  the  amount  of  saliva  and  the 
buffering  capacity  of  the  saliva.*®'®®  A  few  reports  have  suggested  that  resist¬ 
ance  to  dental  caries  in  human  beings  may  be  accounted  for  by  inhibitory  .sub¬ 
stances.”*  ®^'*®  Until  such  a  time  as  more  evidence  is  available  to  indicate  the 
identification  and  action  of  these  factors  it  is  necessary  merely  to  recognize 
their  possible  role. 

The  factor  which  determines  whether  or  not  the  caries  lesion  develops 
depends  on  the  interrelation  of  all  the  preceding  variables,  so  that  no  single 
factor  may  be  construed  as  the  general  cause  of  all  dental  caries. 

Once  the  process  as  described  is  initiated,  the  morphologic  characteristics 
of  the  lesion  are  determined  by  the  effect  of  this  process  on  (1)  the  anatomic 
structure  and  the  substances  of  the  tooth,  (2)  the  extent,  intensity  and  duration 
of  the  attack  and  (3)  the  reaction  of  the  tissues  of  the  tooth.  Two  common  sites 
of  initial  lesions  are  intact  enamel  and  pits  and  fissures  or  defects  of  the  tooth. 

The  first  visible  evidence  of  caries  on  an  intact  surface  of  enamel  is  a  change 
in  the  optical  properties  of  the  enamel.  By  reflected  light  this  change  appears 
as  a  whitening,  and  by  transmitted  light  it  is  noted  as  a  darkening  of  the  region. 
Microscopically  the  rods  appear  more  definite,  and  the  cross  striations  and  in¬ 
cremental  lines  become  more  prominent.  The  substance  of  the  enamel  at  the 
surface  may  be  noted  to  disintegrate,  and  micro-organisms  and  debris  resulting 
from  the  loss  of  substance  may  be  observed  in  the  interspaces.  Pigmentation  of 
the  lesion  may  or  may  not  be  noted.** 
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When  the  process  reaches  the  dentino-enamel  junction,  expansion  of  the 
lesion  in  this  region  takes  place.  Then  it  progresses  through  the  dentinal  tubules 
toward  the  dental  pulp.  At  this  stage  of  the  process  there  may  be  undermining 
of  the  overlying  enamel.  Micro-organisms  may  precede  the  process  of  decalcifi- 
eation  of  the  organic  matrix.  Small  isolated  regions  of  matrix  destruction  may 
be  observed  about  some  of  these  microbic  masses  in  the  tubules,  and  these  regions 
may  be  seen  to  coalesce.  Accompanying  this  process  there  is  a  progressive  loss 
of  substance.®’  ** 

Defects  in  the  enamel  such  as  lamellae,  certain  pits  and  fis.sures,  and  arti¬ 
ficially  produced  defects  may  afford  pathways  for  the  entrance  of  micro-organ¬ 
isms  and  may  result  in  caries  proceeding  from  the  surface  of  the  defect.^*- 

Caries  also  may  begin  on  the  thin  layer  of  cementum  and  proceed  into  the 
dentin.*’  ** 

Respectfully  submitted:  George  W.  Teuscher,  D.D.S.,  chairman;  Ralph  E. 
McDonald,  D.D.S.,  secretary’;  Paul  W.  Clopper,  D.D.S.,  Michael  A.  Cox,  ^I.D., 
Allen  0.  C.ruebbel,  D.D.S.,  Olin  E  Hoffmann,  DD.S.,  Hugh  R.  McLaren.  D.D.S., 
Harold  J.  Noyes,  D.D.S.,  M.D.,  Dorothy  Permar,  M.S.,  Katharine  A.  Polevitsky, 
M.D.,  and  Fred  Wertheimer,  D.D.S. ;  Basil  G  Bibby,  DD.S.,  Samuel  W.  Chase, 
Ph.D.,  Mar}’  C.  Crowley,  M.S.P.H,  Robert  M  Stephan,  D.D.S.,  Malxd  I.  Tramp, 
M.P.H.,  Ned  B.  Williams,  D.D.S.,  Helmut  A.  Zander,  D.D.S. ,  and  Leonard  S. 
Fosdick,  Ph.D.,  consultants. 

Note:  No  changes  in  the  original  statement  resulted  from  the  discussion  period.  It 
was  moved  by  Dr.  Owens  that  the  rept>rt  be  accepted.  'I'he  motion  was  seconded  by  Dr. 
Gruebbel  and  was  carried  unanimously. 

Rel.vtion  of  Systemic  Conditions  to  C.tRiEs  Pr(H’ess 

For  the  sake  of  brevity  and  ease  of  discussion,  the  members  of  Committee  II 
decided  to  prepare  an  analysis  of  the  findings  and  conclusions,  with  a  table 
showing  the  approach  to  the  etiologic  factoi’s  of  the  caries  process.^®  ’'* 

The  systemic  conditions  were  divided  into  seven  categorit's;  namely,  (1) 
pregnancy  and  lactation,  (2)  general  health  and  nutritional  status,  (3)  dialmtes. 
(4)  endocrine  glands,  (5)  infectious  diseases,  (6)  emotional  .statr  and  (71  con¬ 
stitution  and  heredity.  Eacli  subject  was  as.signed  to  a  subcommittee  for  a 
review’  of  the  available  literature.  The  committee  s  discussion  periods  wei-e 
devoted  to  a  critical  appraisal  of  individual  committee  imports.  The  pattern 
used  in  the  evaluation  of  the  published  material  follows: 

ETIOLOGIC  F.\(’TORS 

1.  Indirect  factors  intluencing  caries 

A.  Tooth 

1.  Composition 

2.  Morphologic  characteristics 

3.  Position 

B.  Saliva 

1.  Composition 

a.  Organic 

b.  Inorganic 
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2.  pH 

3.  Quantity 

4.  Viscosity 

5.  Antihacterial  factoi-s 
C.  Diet 

1,  Physical  factoiN 
Quality  of  diet 

2.  Local  factoi's 

a.  Carbohydrate  content 
1).  Vitamin  content 
c.  Fluorine  intake 

II.  Direct  causes  of  caries 
A.  Acidogenesis 

Carbohydrate  degradation  to  acid 
1>.  Pi’oteolysis 

PREC NANCY  AND  LACTATION 

Pregnancy  and  lactation  in  themselves  are  not  a  cause  of  dental  caries.  If 
pregnancy  increases  the  suscejitibility  or  resistance  to  dental  earies,  it  can  do 
so  only  by  changing  the  environment  of  the  tooth.  Clinical  studies  indicate  that 
pregnant  women  do  not  have  a  higher  rate  of  caries  than  do  comiiaiable  non- 
jiregnant  women. 

GENERAL  HEALTH  AND  NUTRITION 

A  careful  review  of  scientific  reports  reveals  that  sickness,  general  health 
or  nutritional  status  has  no  significant  bearing  on  the  caries  process.  In  fact, 
several  scientific  rejxirts  reveal  that  malnourished  peiNons  have  a  decreased 
incidence  of  dental  caries.  Sickness  may  have  a  definite  influence  on  the  com- 
])osition,  quantity,  viscosity  and  bacterial  or  antibacterial  factoi-s  of  the  saliva, 
but  there  is  no  accejitable  evidence  to  show  the  influence  that  these  factors  may 
have  on  the  caries  process. 

DI  ARETES 

It  has  been  stated  that  prior  to  the  insulin  era  tooth  decay  was  rampant  in 
jiei-sons  with  diabetes.  These  reports  attempted  to  link  the  diabetic  .state  with 
ttKith  decay,  with  special  stress  on  cervical  caries.  The  committee  would  like  to 
point  out  that  there  have  been  no  modern  adequate  studies  of  diabetic  children 
who  were  not  under  treatment  and  that  any  differences  which  mighf  be  nofed 
were  the  result  of  treatment  rather  than  of  the  disease.  All  studies  seemed  to 
indicate  that  there  was  a  need  for  a  comparative  study  of  young  diabetic  jiatients 
under  various  degrees  of  control  and  unconfrol. 

ENDOCRINE  GLANDS 

Fndocrine  glands  m-casionally  are  stated  to  be  involved  directly  in  inducing 
normal  or  abnormal  tooth  structure,  in  determining  the  po.sition  of  the  teeth  in 
the  arch  or  in  influencing  salivary  secretions  and,  through  such  relationshij), 
have  an  effect  on  the  resistance  or  susceptibility  to  earies.  The  allusions  to  these 
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influences  are  notably  general,  often  are  indefinite  and  frequently  are  based  on 
assumptions  that  conditions  which  modify  hone  also  modify  teeth.  The  com¬ 
mittee  found  no  published  significant  proof  or  clinical  evidence  of  the  relation 
of  endocrine  disturbances  and  the  caries  index. 

INFECTIOUS  DISEASES 

Most  of  the  literature  on  the  incidence  and  progress  of  caries  in  patients 
who  are  suffering  from  infectious  disease  would  seem  to  indicate  that  the 
systemic  condition  has  little  or  no  effect  on  dental  caries.  Before  the  indirect 
effect  of  systemic  disease  can  he  established  fully,  the  relation  between  hypoplasia 
of  the  enamel  and  caries  should  he  established.  However,  it  is  felt  by  the  com¬ 
mittee  that  further  research  in  this  aspect  of  the  problem  certainly  is  indicated. 

EMOTIONAL  STATE 

Since  there  is  no  clinical  or  experimental  evidence  to  support  the  theory 
that  the  emotional  state  may  influence  dental  caries,  the  co?umittee  felt  that  any 
further  reports  should  he  .supported  by  clinical  evidence. 

CONSTITUTION  AND  HEREDITY 

Although  a  genetic  factor  related  to  caries  resistance  has  been  established 
in  laboratory  animals,  only  familial  relations  have  been  demonstrated  for  man. 
Further  study  is  indicated. 

Respectfully  .submitted:  Ruth  Martin,  U.D.S.,  chairman;  Joseph  Cabot, 
D.H.S.,  secretary;  Harry  \V.  Bruce,  Jr.,  D.D.S.,  Clifton  O.  Dummett,  D.D.S., 
Jack  M.  Earle,  D.D.S.,  Laverne  H.  Jacob,  D.D.S.,  Edward  0.  Minniear,  D.D.S., 
Ruth  F,  Rogers,  A.B.,  Laren  \V.  Teutsch,  D.D.S.,  and  Kathryn  L.  Whyte,  D.D.S., 
Mildred  Harter,  A.B.,  Donald  A.  Kerr,  D.D.S.,  and  Hamilton  B.  C.  Robinson, 
D.D.S.,  consultants. 

Note:  Two  minor  changes  were  made  in  the  original  statement.  Dr.  Teuscher  moved 
the  adoption  of  the  report.  Dr.  Strusser  secomied  this  motion,  and  the  motion  was  approved 
unanimously. 

• 

Prophylaxes,  Toothbrushino,  Chewino  Cum,  Dentifricfs  and  Mouthwashes 

Some  of  the  questions  submitted  to  Committee  III  have  been  revised  and 
are  stated  in  their  revised  form  in  this  report.  A  few  of  the  submitted  tpiestions 
have  been  deleted,  and  a  few  others  have  been  added. 

PROPHYLAXIS 

Definition:  Dental  prophylaxis  is  a  process  which  consists  of  (1)  removal 
of  all  foreign  material  from  the  clinical  crowns  of  the  teeth  (all  surfaces  above 
the  gingival  attachment),  (2)  smoothing  and  polishing  the  tooth  surfaces  by 
means  of  scalers,  rubber  cups  and  brushes,  the  i)orte  polisher,  dental  tape  and 
fine  cuttlefish  strips  when  needed  and  (3)  polishing  and  correction  of  improper 
margins  of  restorations. 

The  answers  which  follow  are  ba.sed  on  the  first  two  portions  of  this  defi¬ 
nition.  The  literature  contains  surprisingly  little  scientific  data  on  ])rophylaxis 
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as  related  to  dental  caries,  and,  therefore,  definite  conclusions  are  not  possible 
at  this  time. 

Question  No.  1 :  Will  a  prophylaxis  remove  the  bacterial  plaques  from  the 
teeth? 

The  literature  indicates  that  thorough  prophylaxis  will  remove  bacterial 
plaques  from  the  accessible  surfaces  of  the  teeth  but  not  from  the  inaccessible 
surfaces,  .such  as  pits,  fissures  and  contact  points.  The  evidence  presented  is 
in  the  form  of  clinical  observations  and  is  not  expressed  in  data  which  may  be 
subjected  to  statistical  analysis. 

Question  No.  2 :  Will  a  careful  i)rophylaxis  performed  three  times  per  year 
reduce  the  dental  caries  attack  rate? 

There  is  no  statistical  evidence  that  prophylaxis  three  or  even  more  times 
a  year  will  reduce  the  dental  caries  attack  rate. 

Question  No.  3 :  How  frequently  should  a  careful  prophylaxis  be  given  to 
prevent  plaque  formation?  Cavity  formation? 

Since  there  is  no  statistical  evidence  that  prophylaxis  will  reduce  the  caries 
rate,  it  is  impossible  to  state  how  frequently  it  must  be  provided  to  prevent 
cavity  formation.  Evidence  has  been  presented  that  plaques  will  grow  back 
over  tooth  surfaces  in  one  to  four  days,®®  which  indicates  that  it  is  impractical 
to  perform  a  prophylaxis  frequently  enough  to  prevent  plaque  formation. 

Question  No.  4 :  Can  the  tooth  be  damaged  by  prophylaxis? 

There  is  no  evidence  that  dental  prophylaxis  as  usually  given  at  intervals 
of  several  months  is  harmful  to  the  teeth. 

TOOTHBRUSHING 

Question  No.  1 :  What  technics  may  be  accepted  as  satisfactory"  for  brush¬ 
ing  the  teeth? 

The  acceptable  evidence  does  not  show  that  one  technic  of  toothbrushing 
is  more  effective  than  another  for  removing  foreign  material  from  tooth  surfaces. 
On  the  basis  of  clinical  observations,  many  dentists  prefer  the  Charters’  vibratory 
technic,  because  of  its  supposed  superior  polishing  of  interproximal  surfaces. 
This  method  is  difficult  to  learn  and  probably  is  not  performed  well  by  children 
or  by  the  adults  who  will  not  spend  the  necessary"  time. 

Since  no  single  procedure  has  proved  to  be  ideal,  selection  should  be  made 
on  the  basis  of  the  needs  of  each  patient.  Toothbrushing  can  be  more  pleasant 
and  effective  with  an  acceptable  dentifrice.  Few  studies  have  been  made  of  the 
value  of  the  toothbrush  alone. 

The  following  technic  has  been  used  for  many  years  and  is  suggested  by 
some  as  adequate  for  the  average  young  child.  A  vibratory-  method  (Charters’) 
can  be  taught  to  the  child  later  in  life. 

The  brush  should  have  a  straight  handle,  with  a  small  head  (perhaps  1*4 
by  %  inches)  with  two  rows  of  bristles,  each  row  having  four  or  five  tufts  care¬ 
fully  trimmed  to  the  same  height.  The  brush  should  be  small  enough  to  be 
handled  with  ea.se;  children  should  be  given  smaller  brushes  than  adults. 

The  teeth  should  be  bnished  in  a  definite  order,  to  be  certain  that  all  areas 
are  covered.  The  occlu.sal  surfaces  are  bru.shed  first,  a  .sweeping  motion  forward 
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and  backward  l>einf;  used,  first  in  the  upper  and  then  in  the  lower  jaw.  The 
other  surfaces  are  brushed  with  a  rolliii"  motion.  The  sides  of  the  bristles  are 
placed  against  the  f;inp:ival  tis.sue  in  the  upper  left  molar  region,  and  the  teeth 
are  brushed  downward  (occlusally),  slight  pressure  being  used  when  the  bristles 
touch  the  buccal  surfaces  of  the  teeth.  Three  to  six  strokes  are  given  to  each 
area  in  the  following  manner;  (1)  brush  the  upper  left  molar  region;  (2)  move 
the  brush  anteriorly  and  brush  the  buccal  surfaces  of  the  teeth  around  to  the 
right  molar  region;  (3)  brush  the  palatal  surfaces  of  the  upper  teeth,  starting 
on  the  right  side  and  continuing  around  to  the  left  side;  (4)  brush  the  lower 
teeth  from  the  gingival  tissue  upward  (occlusally)  beginning  with  the  lower  left 
molars  and  continuing  anteriorly  and  around  to  the  lower  right  molar  region; 
(5)  brush  the  lingual  surfaces  similarly  in  like  secpienee  from  right  to  left. 

Question  No.  2 :  Wilt  these  technies  harm  the  teeth? 

There  is  no  scientific  evidence  available  that  these  technics,  correctly  applied, 
will  harm  the  teeth  or  cause  gingival  recession. 

Question  Xo.  3 :  How  often  should  the  teeth  be  brushed? 

There  is  evidence  that  teeth  should  be  brushed  immediately  after  each 
ingestion  of  food. 

Question  Xo.  4 :  For  how  long  a  period  at  each  brushing? 

Xo  definite  length  of  time  has  been  established  as  ideal  for  toothbrushing, 
because  the  time  will  vary  from  patient  to  patient.  Probably  the  average  young 
adult  should  brush  each  area  six  to  eight  times,  and  children  should  brush  each 
area  three  to  six  times. 

Question  Xo.  5 :  When  should  the  teeth  be  brushed? 

Answered  under  Xo.  3. 

Questions  Xo.  6  and  7;  These  questions  were  consolidated  and  changed  to 
read:  Will  brushing  immediately  after  the  ingestion  of  sugar  reduce  the  amount 
of  acid  fonned? 

There  is  evidence  in  the  literature  that  toothbrushing  under  these  circum¬ 
stances  will  reduce  the  total  amount  of  acid  produced.  It  has  been  stated  that 
toothbrushing  will  remove  most  of  the  accessible  phupie  material,  leaving  so  little 
that  a  satisfactory  measurement  of  j)Il  change  cannot  be  obtained.”’ Hence, 
one  could  assume  that  there  would  be  less  acid  junduced  after  toothbrushing. 

Question  Xo.  8:  Will  toothbrushing  j)revent  the  formation  of  dental 
plaques  ? 

There  is  no  evidence  that  toothbrushing  as  ordinarily  j)erformed  will  prevent 
the  formation  of  dental  pla(pies. 

Question  Xo.  9:  Will  it  remove  them  from  accessible  surfaces  of  the  teeth? 

Most  bacterial  plaques  can  be  removed  from  accessible  surfaces  of  teeth  by 
toothbrushing.  However,  scientific  evidence  that  toothbrushing  can  remove  all 
plaques  from  the  accessible  surfaces  of  the  teeth  is  lacking.  Bacterial  pla(iues 
usually  re-form  rai)idly. 

Question  Xo.  10;  Will  it  reduce  the  count  of  acidogenic  bacteria? 

There  is  no  evidence  that  the  count  of  aci<log(‘nic  bacteria  will  be  reduced 
for  an  appreciable  time  by  toothbrushing,  although  a  temporary  reduction  will 
result. 
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Question  No.  11:  What,  if  any,  is  the  reduction  in  the  caries  attack  rate 
that  may  be  expected  from  a  toothhrushing  program? 

There  is  little  scientific  evidence  that  a  reduction  in  the  caries  attack  rate 
may  be  expected  from  a  toothbrushing  program.  However,  the  possibility  that 
adecpiate  toothbrushing  may  reduce  the  incidence  of  dental  caries  should  not 
Ih*  ignored. 

CHKWI.VG  GUM 

Question  No.  1 :  Does  the  use  of  commercial  chewing  gum  mluce  the  numl)er 
of  acidogenic  organisms  in  the  .saliva? 

The  committee  could  find  no  satisfactory  evidence  that  the  use  of  a  com¬ 
mercial  chewing  gum  reduced  the  number  gf  acidogenic  bacteria  in  the  saliva, 
nor  could  it  find  any  scientific  data  which  indicated  that  the  chewing  of  gum 
might  stimulate  such  organisms.  There  is  conjectui'e  in  the  literature  that 
chewing  gum  is  both  harmful  and  beneficial,  hut  there  is  no  acceptable  evidence 
to  support  the  conjectures. 

Question  No.  2 :  How  much  sugar  may  be  found  in  chewing  gum  ? 

The  sugar  content  of  commercial  chewing  gum  is  approximately  60  jhu- 
cent  by  weight. 

Question  No.  3 :  Is  chewing  gum  a  caries-producing  agent  ? 

There  is  little  evidence  that  can  be  cited  to  answer  the  (piestion  of  promotion 
of  dental  caries  by  chewing  gum.  According  to  the  only  available  findings.’** 
chewing  gum  was  apparently  harmful  to  one  group  of  the  population  and  harm¬ 
less  to  another.  Gum  which  contained  calcium  carbonate  seemed  to  have  a  less 
harmful  effect  than  gum  without  it.  However,  the  evidence  that  has  been  offere<l 
is  not  sufficient  to  justify  any  conclusion. 

Question  No.  4:  Is  an  anticaries  agent  more  effective  as  a  mouthwash  than 
when  incorporated  in  chewing  gum? 

No  comj^arative  studies  have  been  made  and  much  would  depend  on  the 
agent  used  for  caries  control.  An  agent  being  slowly  fil>eratt'd  from  chewing 
gum  would  have  a  more  prolonged  effect  than  if  used  in  a  mouthwash.  Howevei. 
the  stimulation  of  salivary  flow'  ]>roduced  by  the  chewing  piwt'ss  might  have 
a  serious  diluting  effect  on  the  inhibiting  agent.  In  the  opinion  of  the  committee, 
much  would  depend  on  the  nature  of  the  anticaries  agent. 

(^nestion  No.  b :  In  a  lozenge? 

There  is  no  satisfactory  evidence  to  show  any  anticaries  superiority  i»r  even 
a  trtarding  influence  when  the  agent  is  employed  in  a  lozenge.  The  K»zenge 
would  permit  a  more  prolonged  contact  with  the  teeth.  On  the  other  haml,  the 
danger  of  toxicity  fnnn  an  agent  incorporated  either  in  a  lozenge  or  in  chewing 
gum  ])robahly  would  be  girater  than  in  a  mouthwash,  InTause  it  would  1h‘ 
swallowed. 

Questhm  No.  6:  Is  there  sutficient  evidence  that  fluoride  incorjKuateil  in 
chewing  gum  reduces  the  caries  attack  rate? 

There  is  no  evidence  that  soilium  tluorule  in  a  chewing  gum  is  efttn-tivc  as 
an  anticaries  agent. 
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Question  No.  7 :  ^lenadione  (synthetic  vitamin  K)  ? 

There  is  some  indieation  that  menadione  may  reduce  the  incidence  of  dental 
caries  but  the  evidence  currently  available  is  not  sufficient  to  justify  any  con¬ 
clusions.  In  the  only  availal)le  report  ehewin"  frum  was  used  immediately  after 
the  ingestion  of  food.®'  Those  who  chew  gum  do  not  always  use  it  in  this 
manner.  An  objection  to  the  widespread  use  of  this  means  of  treatment  might 
ho  that  many  i)ersons  are  averse  to  the  use  of  chewing  gum  for  esthetic  reasons. 
Still  another  possible  objection  is  the  tendency  of  gum  to  stick  to  acrylic 
restorations. 

Question  No.  8:  At  what  times  during  the  day  should  either  he  chewed? 

Further  study  is  necessary  before  any  general  use  of  chewing  gum  is  justified. 

Question  No.  9:  Is  the  human  organism  likely  to  suffer  a  shortage  of 
vitamin  K? 

Deleted. 

Question  No.  10:  Will  chewing  gum  clean  the  teeth  more  effectively  than 
will  the  foods  eaten  by  civilized  ])ersons? 

A  thorough  search  of  the  literature  reveals  no  evidence  which  would  justify 
the  conclusion  that  chewing  gum  has  a  greater  cleansing  effect  on  the  teeth  than 
the  natuial  foods  in  the  diet  of  eiviliz(‘d  i)ersons. 

Que.stion  No.  11 :  Would  the  use  of  menadione  in  chewing  gum  he  harmful? 

The  available  evidence  indicates  that  menadione,  used  frecpiently  in  small 
amounts,  would  not  he  toxic.  However,  until  more  extensive  studies  have  been 
conducted,  especially  on  human  beings,  no  conclusions  are  justified. 

1)KNtifkicp:s 

Definition:  A  dentifrice  is  a  substance  designed  to  help  the  toothbrush  clean 
the  aecessilde  surfaces  of  the  teeth.  Some  <lentifriees  may  contribute  to  the 
establishment  or  maintenance  of  a  normal  stiucture  or  function  of  the  mouth. 

(Question  No.  1;  (?omhined  witli  toothhrushing,  will  any  of  the  dentifrices 
prevent  the  formation  of  phupies  on  thos(‘  surfaces  of  teeth  accessible  to  the 
bristles  ? 

The  leported  evidence  sul)stantiates  the  conclusion  that  dentifrices  will  con¬ 
tribute  to  the  pievention  of  j)la(iue  formation  on  those  surfaces  of  the  teeth 
which  arc*  accessible  to  the  bristles  of  the  toothbrush.  However,  the  pro[)er  use 
of  a  dentifrice  with  a  toothbrush  will  not  jn-event  entirely  the  formation  of  some 
l)laques.  The  literature  leads  us  to  conclude  that  a  dentifrice  which  contains 
an  abrasive  is  more  effective  in  a  given  length  of  time*  and  that  the  brushing 
technic  is  more  imjmrtant  than  the  dentifrice. 

(Question  No.  2:  (.'ombined  with  toothhrushing,  will  any  of  the  dentifrices 
reiuove  such  placpies? 

Kemoval  of  acce.ssible  i»laques  has  been  demonstrated  satisfactorily. 

(Question  No.  :  lncorp<»rat(‘d  in  a  (hmtifrici*,  will  dibasic  ammoniui.'i  phos- 
jdiate  reduce  the  number  of  oral  lactobacilli  ? 

A  dibasic  ammonium  ph<»sphate  dentifrice,  wlien  used  in  combination  with  a 
like  mouthwash,  j)roduced  a  significant  reduction  in  the  count  of  oral  lactobacilli. 
However,  it  would  be  desirable  to  have  confirmatory  evidence  as  well  as  a  clini¬ 
cal  demonstration  of  leduction  of  tlie  incidence  of  caries. 
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(Question  No.  4:  Penicillin  ? 

No  evidence  on  hunnin  heinfrs  is  reported  in  the  ])nl)lished  literature  on 
penicillin.  Aceordiii"  to  one  ]nil)lished  article’’’*  and  other  reports  which  have 
not  been  ])ublished,  penicillin,  when  incorporated  in  a  dentifrice,  contributes  to 
the  reduction  of  oral  lactobacilli  in  animals  and  man.  The  evidence  as  yet  is 
insufficient  to  show  that  it  jiroduces  a  decrease  in  the  incidence  of  dental  caries 
in  human  beings.  The  use  of  penicillin  dentifrices  is  an  interestinj;  experiment, 
hut  until  further  evidence  is  available  concernin»  its  allergic  manifestations  and 
its  influence  on  other  bacteria  and  until  it  has  been  demonstrated  to  reduce  the 
incidence  of  caries  in  human  beings,  its  use  should  be  considered  i>urely  in  the 
exiierimental  sta^e. 

(Question  No.  5:  Other  antibiotics? 

There  is  inadecjuate  evidence  oi\  which  to  base  an  opinion  of  the  value  of 
other  antibiotics  in  the  control  of  caries,  although  it  is  known  that  oral  lacto- 
hacilli  are  in  some  decree  sensitive  to  strei>tomycin  and  to  tyrothricin. 

(Question  No.  6:  hduorides? 

Only  two  articles  on  the  use  of  fluorine  in  dentifrices  ai^pear  in  the  litera- 
ture.’*'- One  article  reimrts  no  reduction  in  oral  lactobacilli  and  no  significant 
reduction  in  the  incidence  of  dental  caries.  The  other  artiele  reports  a  reduction 
in  oral  lactohacilli,  hut  the  evidence  that  a  substantial  reduction  occurred  is  not 
convincing.  The  committee  concludes  that  tho  available  evidence  does  not  .iiistify 
the  use  of  fluorine  dentifrices. 

Question  No.  7  :  liow  fretpiently  should  the  dentifrice  be  used? 

There  is  nothing  in  the  literature  that  establishes  how  frecpiently  a  dentifrice 
should  be  used.  However,  there  is  some  evidence  that  plaques  which  reiitain  in 
the  mouth  may  become  impregnated  with  inorganic  material  and  thus  K^come 
difticidt  to  remove.*  Therefore,  one  might  reason  that  the  more  fre<.iucntly  a 
dentifrice  is  used,  the  greater  its  cleansing  effect.  In  all  probability,  great  varia¬ 
tion  is  found  in  ditferent  mouths. 

(Question  No.  S;  How  ]>ermanent  is  the  effect  ? 

Alt  available  evidence  points  to  the  conclusion  that  the  effect  of  currently 
available  commercial  dentifrices  is  transitory. 

(Question  No.  !) :  Has  a  reduction  in  caries  attack  rate  been  demonstrated? 

If  lactobacillus  counts  can  be  accepted  as  an  expre.ssion  of  the  caries  attack 
rate,  the  evidi'iice  examined  dtaiionstrates  that  there  is  substantial  reduction  in 
the  caiies  attack  rate  when  certain  medicateil  dentifrices  are  employed.  LalHua- 
tory  evidence  has  shown  a  reduction  in  the  incidence  of  caries  when  commercial 
dentifi'ices  W(‘r«‘  list'd  to  brush  the  teeth  of  hamsters.'’' 

.MOFTIIWASMKS 

Dt'finilion  :  A  mouthwash  is  any  fluid  suitable  for  list*  in  rinsing;  tin*  oral 
cavity. 

t^iU'stion  No.  1:  Will  rinsing  the  mouth  with  tap  water  reduce  the  ora! 
bacteria  per  cubic  centimeter  of  saliva? 
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Rinsing  the  mouth  with  tap  water  may  reduce  the  bacterial  content  tempo¬ 
rarily  by  mechanical  means  and  may  dilute  the  bacterial  substrate.  It  has  not 
been  shown  that  the  effect  of  tap  water  is  clinically  significant. 

Question  No.  2:  What  substances,  which  may  l)e  incori)orated  in  mouth 
rinses,  will  reduce  the  number  of  oral  lactobacilli  measurably? 

Urea  (4  per  cent)  and  quinine  (0.05  i)er  cent),  urea  (3  per  cent) -diam¬ 
monium  phosphate  (5  per  cent)  rinse,  and  urea  in  40  to  50  ]>er  ccMit  concen¬ 
tration.®^ 

Question  No.  3 :  Are  these  substances  now  toxic  to  i)atients? 

Relatively,  yes.  The  toxicity  of  urea  is  low,  the  clinical  dose  permitted  being 
15  to  60  gm.  a  day.  There  is  small  likelihood  that  this  substance,  used  in  a  denti¬ 
frice  or  mouthwash,  will  cause  toxic  manifestations.  In  a  series  of  patients, 
concentrations  of  urea  up  to  95  per  cent  were  used  in  a  dentifrice  for  several 
months  with  no  evidence  of  toxicity  or  irritation  of  the  oral  mucous  membranes. 
If  the  urea  is  combined  with  urea.se  in  a  dentifrice,  as  has  been  reported,  irri¬ 
tation  of  the  oral  mucosa  could  result  from  the  rapid  conversion  of  urea  into 
ammonium  carbonate. 

Question  No.  4:  Are  there  any  substances  which,  when  incorporated  in  a 
mouth  rinse,  penetrate  the  dental  plaque  and  inhibit  or  destroy  the  activity  of 
acidogenic  organisms  within  the  plaque? 

Most  antiseptics  may  penetrate  the  pla(|ue  slowly  and  may  be  expected  to 
destroy  .some  of  the  susceptible  organisms  in  the  plaque,  but  this  phenomenon 
has  not  been  .shown  to  re.sult  in  a  reduction  of  the  incidence  of  dental  caries.  The 
available  information  indicates  that  some  plaque  material  is  not  penetrated 
easily  by  chemical  agents  suitable  for  use  in  the  mouth. 

Question  No.  5:  Do  any  of  the.se  .substances  disintegrate  the  plaque? 

It  has  not  been  shown  that  any  sub.stance  which  is  suitable  for  ust‘  in  a 
mouth  rinse  will  disintegrate  the  plaque. 

Question  No.  6:  Do  diba.sic  ammonium  jihosphate,  .sodium  fluoride,  urea, 
zephiran  and  quinine  destroy  or  reduce  the  number  of  acidogenic  organisms? 

When  used  as  mouthwa.sh  ingredients,  it  is  i)robable  that  all  of  the  agents 
mentioned  except  scxiium  fluoride  may  have  a  measurable  effect  on  the  number 
of  oral  lactobacilli.  It  has  not  been  shown  conclusively  that  such  effect  will 
result  in  a  measurable  reduction  in  the  incidence  of  caries. 

6,  a:  The  question  was  change<l  to  read:  What  is  the  o|)timuni  fnvjuency 
of  use? 

The  optimum  frequency  is  not  known. 

6,  b :  How  long  does  the  effect  maintain  after  the  mouthwash  is  discontinued ? 

The  available  evidence  indicates  that  the  effect  is  transient. 

6,  c:  Is  each  practical  for  the  patient  to  use? 

Aside  from  lack  of  j)alatability  to  some  patients,  they  are  convenient  to  use. 

6,  d:  (.’an  a  reduction  in  caries  attack  rate  be  demo?ist rated  by  the  use  of 
any  of  these  agents? 

Deleted. 
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.  SUMMARY 

Plaint enance  of  oral  hygiene  by  means  of  dental  prophylaxis  and  tooth- 
brushing  with  acceptable  aids  can  be  recommended  for  numerous  reasons,  al¬ 
though  the  evidence  that  such  measures  are  effective  in  the  prevention  of  dental 
caries  is  limited  and,  at  present,  inadequate. 

Respectfully  submitted :  Floyd  I).  Ostrander,  D.D.S.,  chainnan ;  Donald  A. 
Wallace,  Ph.D.,  secretary  and  consultant;  Philip  D.  Adams,  Ph.D.,  Lloyd  0. 
Blackman,  D.D.S.,  Glenn  E.  Cartwright,  D.D.S. ,  Robert  A.  Do^\•ns,  D.D.S., 
Henry  C.  Gage,  D.D.S.,  Maynard  K.  Hine,  D.D.S..  Evan  C.  Howell,  D.D.S., 
Harvey  C.  Janke,  D.D.S.,  Levi  H.  Johnson,  D.D.S.,  Gordon  A.  Smith.  D.D.S.. 
Mary  L.  Soule,  M.A.,  Harry  Strusser,  D.D.S.,  Joel  Vugteveen,  D.D.S.,  Walter 
S.  Weisz,  D.D.S.,  and  Virginia  Winterhoff,  D.D.S.;  ^larguerite  F.  Hall,  Ph.D., 
Thomas  J.  Hill,  D.D.S.,  and  Robert  G.  Kesel,  D.D.S.,  consultants. 

Note:  Names  were  deleted  from  the  original  statement  and  a  reference  to  “aciduric 
organisms”  was  changed  to  “oral  lactobacilli.”  Dr.  Teuscher  moved  the  adoption  of  the 
report.  The  motion  was  seconded  by  Dr.  .Tanke  and  received  unanimous  approval. 

Fluorides  and  Silver  Salts  in  Caries  Control 

(\mimittee  IV  considered  the  use  of  fluorides  and  silver  salts  in  the  control 
of  caries. 

FLUORINE  IN  WATER  SUPPLY 

The  inverse  relation  lietween  the  consumi>tion  of  fluoride-bearing  domestic 
water  and  the  prevalence  of  dental  caries  in  children  has  been  established.  The 
evidence  indicates  that  the  D.M.F.  rate  is  approximately  60  per  cent  lower  in 
children  aged  12  to  14  years  who,  throughout  life,  have  ingested  communal  water 
containing  about  1.0  part  iier  million  of  naturally-borne  fluorides  (F.).  Caries 
reduction  is  most  marked  in  the  upper  anterior  teeth,  in  which  the  number  of 
D.M.F.  surfaces  may  be  lowered  by  as  much  as  90  per  cent.  The  reduction  is 
markedly  less  in  the  imsterior  teeth.  Some  caries-inhibiting  effect  is  observetl 
in  areas  where  the  communal  water  contains  as  little  as  0.5  p.p.m.  of  fluoride. 
It  becomes  more  i)ronounced  as  the  fluoride  concentration  is  increased,  though 
little  additional  benefit  is  obtained  from  concentrations  above  1.0  to  1.5  p.p.m. 
AlH)ve  this  level  dental  fluorosis  may  become  evident. 

The  evidence  indicates  tliat  no  toxic  effect  follows  consumption  of  water 
containing  up  to  1.0  p.p.m.  of  fluorides  and  that  no  known  toxic  effei't  other  than 
a  mild  ilental  fluort»sis  follows  ingestion  of  water  in  the  1.0  to  1.5  p.p.m.  range. 
Although  progressively  .severe  dental  fluorosis  may  be  expected  at  higher  levels, 
systemic  fluoride  toxicosis  has  not  been  demonstrated  on  the  North  American 
continent  after  continued  usage  of  watei-s  containing  up  to  4.0  or  5.0  p.p.m.  of 
fluorides. 

The  mechanism  whereby  the  inhibiting  effect  is  exerttnl  is  not  clearly  under- 
St»M>d. 

Lactobacillus  counts  on  groups  of  pemuis  in  fluoride  aivas  are  consistently 
lower  than  the  ctiunts  of  com])arable  groups  in  arrms  whei*e  the  communal  water 
contains  little  «>r  no  fluorine.  Among  pei*sons  with  continuous  residence  in  a 
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fluoride  area  teeth  with  fluorosis  are  no  more  resistant  to  dental  earies  than 
are  teeth  with  enamel  having  a  normal  appearanee.  Chemical  analyses  indicate 
that  mottled  enamel  has  a  hijiher  fluoride  content  than  normal  enamel  and  that 
the  enamel  of  noncarious  teeth  contains  more  fluoride  than  that  of  carious  teeth, 
even  when  the  teeth  under  study  have  been  extracted  from  the  same  mouth. 
Kvidem-e  is  not  available  to  indicate  whether  the  teeth  of  the  child  are  affected 
when  fluorides  are  inwested  by  the  mother.  There  is  some  evidence  that  residence 
in  a  fluoride  area  confers  .some  immunity  to  caries,  even  in  persons  who  had  used 
fluorine-free  water  durinj;  the  period  of  enamel  calcification.  Whether  artificial 
fluorination  of  water  will  jiroduce  the  same  reduction  in  caries  as  naturally 
occurring  fluoride  watei's  is  not  known. 

A  statement  made  in  194*2  remains  true  today:  “There  is  no  direct  evidence 
demonstrating  whether  or  not  the  addition  of  fluorine  to  a  fluorine-free  com¬ 
munity  water  supjily  will  decrease  the  incidence  of  dental  caries  in  the  com¬ 
munity.’'®^  Studies  designed  to  test  the  efficacy,  safety  and  practicability  of 
fluorinating  a  community  water  supply  are  now  under  way  in  several  com¬ 
munities. 

TOniC.VL  -MM'LICATIOX 

t’aries  reductions  of  ai)proximately  40  per  cent  have  been  observed  in  the 
teeth  of  groups  of  children  treated  topically  with  solutions  of  sodium  fluoride. 

An  accei>table  technic  should  include  cleaning  and  drying  the  teeth  and 
apidying  a  2  per  cent  solution  of  sodium  fluoride  ((’.P.)  which  is  allowed  to  dry 
for  three  minutes.  The  maximum  i>rotective  effect  is  attained  after  a  series  of 
four  treatments,  only  the  fii*st  of  which  is  ])receded  by  a  i)rophylaxis. 

The  protective  effect  of  the  treatment  continues  for  three  or  more  years. 
The  toj)ical  treatment  does  not  )>roduce  fluorosis  and  <loes  not  injure  the  gingival 
fis.sues,  and  fluorine  is  not  absorbed  in  harmful  amounts  as  a  result  of  the  treat¬ 
ment. 

As  in  the  case  of  natural  fiuori<le  watei-s,  the  meehanism  whereby  topically 
applied  fluorine  exercises  its  protective  effect  is  obscure. 

There  is  no  evidence  as  to  whether  or  not  topically  applied  sodium  fluoride 
will  confer  any  additional  earies  protection  to  teeth  which  have  ealeifi<‘d  during 
residence  in  a  fluoride  area. 


KIA’OKINK  I.N  FOOD 

Kxperimental  evidence  indicates  that  fluorides  in  food  are  less  fully  utilize<l 
than  fluorides  in  water.  The  evidence  does  not  indicate  that  foods  grown  in 
dift'erent  geographic  areas  show  any  wide  variation  in  fluoride  content. 

Although  bone  meal  eontaiiis  fluorine,  it  has  not  been  establislusl  as  a  good 
source  of  this  element,  and  there  is  insuflfieient  evidence  that  earies  can  be  eon- 
trolleii  either  in  children  or  in  adults  by  its  use.  Nor  does  the  evidence  today 
support  the  recommemlation  for  the  eonlr<»l  of  caries  in  children  or  adults  by 
the  u.se  of  any  other  proprietary  product  containing  fluorine  for  self  adminis¬ 
tration  or  for  home  u.se. 
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TOXICITY  OF  FLUORIDES 

Fluorine  is  toxic,  but  in  the  strengths  and  amounts  recommended  in  this 
evaluation  its  use  in  skilled  hands  is  without  danger  to  the  patient. 

FLUORINE  IN  FROFHYLAXIS  PASTE 

On  the  basis  of  the  evidence  of  preliminary  investigations,  there  may  Ik* 
some  caries-inhibitory  effect  after  the  use  of  sodium  fluoride  mixed  with  pumice 
as  a  prophylaxis  powder  or  paste. 

SILVER  NITRATE 

It  has  not  been  demonstrated  adequately  that  the  incidence  of  dental  caries 
van  be  reduced  or  that  progress  of  the  caries  lesion  can  be  retarded  by  the  topical 
application  of  silver  nitrate.  There  is  evidence  that  silver  nitrate  alters  Imth  the 
organic  and  inorj?anie  constituents  of  dental  enamel,  but  there  is  insuffident  evi¬ 
dence  that  these  alterations  have  any  value  in  the  control  of  dental  caries.  The 
use  of  a  wet  till"  afient  has  no  proved  value. 

Hes]>eetfully  submitted:  Albert  L.  Russell,  D.D.S..  ehairmaii;  Evans  <1. 
Xelson,  D.D.S.,  secretary;  A.  Paul  Atkins.  D.D.S..  Harry  K.  Brown.  D.D.S.. 
John  E.  Chrietzber",  D.D.S.,  Sydney  B.  Finn.  D.D.S..  Kenneth  R.  tJilison.  Sr.. 
D.D.S..  Edmund  A.  (Jrant.  D.D.S..  John  W.  Holt.  D.D.S..  Foster  W.  Hatteson. 
D.D.S.,  Janies  F.  Owens,  D.D.S.,  Alfreil  E.  Russell.  D.D.S..  Annie  J.  Taylor. 
Edward  Taylor,  D.D.S.,  James  A.  Thrash,  ^I.D..  and  Chester  V.  Tcvssy.  D.D.S.; 
Francis  A.  Arnold,  Jr.,  D.D.S.,  Basil  0.  Bibby.  D.D.S..  John  W.  Knutson, 
D.D.S.,  and  Helmut  A.  Zander.  D.D.S..  consultants. 

Two  minor  deletions  were  made  from  the  orijjinal  reiH)rt  during;  the  diseussion 
period.  It  was  moved  by  Dr.  Teuseher  that  the  re[>ort  be  adopted.  The  motion  was 
seconded  by  Dr.  Sevier  and  received  unanimous  approval. 

Vitamin  and  Minerai,  Inuestion 

Committee  V,  in  its  deliberations  ami  eonclusions,  has  proceedinl  on  the  basis 
of  the  followiii"  jireniise:  Any  effects  derived  from  the  iniiestion  of  vitamins 
and  minerals  must  be  considered  intrinsie  in  character  and  manifested,  in  their 
relation  to  dental  caries,  as  (1)  variations  in  tiie  structure,  form  or  com{H>sition 
of  the  teeth,  prodiici'd  duriii"  the  period  of  ttudli  formation,  or  (2)  variations  in 
the  saliva  or  other  factors  comprising;  the  envii-onment  of  the  teeth,  prcKluced 
duriii"  an.v  jieriod  «>f  life. 

The  committee,  after  consideration  of  the  evuleiice  submittiHl  by  the  vs.say- 
Tsts  during  the  conferidice  and  after  a  limite<l  search  of  the  literatuiv,  subndts 
the  following;  >;t‘neral  conclusion  : 

The  ingestion  of  vitamins  ami  minerals,  in  amounts  in  excess  of  those  re¬ 
quired  for  a  normal  diet,  has  not  been  ileimmstratiHl  to  have  any  relation  to 
dental  caries. 

The  committee,  eoncimlinj;  that  answei-s  to  the  t-valuative  que.stimis  proposed 
by  the  jicnend  planning;  eommitt»“e  would  be  helpful  in  servim;  the  several  pur¬ 
poses  of  the  conference  submits  the  following;  additiiaial  conclusions  with  refer¬ 
ence  to,  and  in  the  numerical  ludcr  i»f,  the  specitic  questions: 
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I.  The  vitamins 

A.  Vitamin  A 

1.  With  positive  sifrns  of  vitamin  A  (ietieieiicy,  do  children  exhibit  an 

increased  dental  caries  attack  rate?  < 

There  is  no  evidence  that  vitamin  A  deficiency  causes  an  increase 
in  the  dental  caries  attack  rate  in  children.®^'®^ 

2.  Durinj;  the  period  of  tooth  formation,  does  a  mild  chronic  deficiency 
of  vitamin  A  affect  the  structure  of  the  hard  tissues  or  the  shape 
of  the  teeth?  Chronic  mild  deficiencies  of  vitamin  A  have  no  sig¬ 
nificant  effect  on  the  structure  of  the  hard  tissues  or  the  shape  of 
the  teeth.  However,  chronic  severe  deficiencies  of  vitamin  A  pro¬ 
duce  characteristic  abnormalities  in  the  structure  and  form  of  the 

,  enamel  and  dentin  of  developing  teeth  of  animals.  It  is  doubtful 
whether  avitamino.sis  A  of  a  degree  and  duration  required  to  pro¬ 
duce  similar  dental  disturbances  occurs  in  the  infant  or  could  be 
tolerated  by  the  infant.  The  only  authenticated  report  of  a  dental 
disturbance  in  a  human  being  that  was  caused  by  vitamin  A  de¬ 
ficiency  was  reported  by  Boyle,®*  who  examined  a  premature  infant 
whose  nutrition  was  unusually  poor. 

B.  Vitamin  B  complex 

1.  Do  children  with  positive  signs  of  multiple  B  deficiency  exhibit  an 
increased  dental  caries  attack  rate  ? 

2.  A  reduced  caries  attack  rate? 

There  is  no  evidence  or  even  a  suggestion  in  the  literature  that  a 
deficiency  of  vitamin  B  or  any  of  its  components  has  any  effect 
on  the  dental  caries  attack  rate.  The  vitamin  B  complex  is  con¬ 
cerned  primarily  with  the  soft  tissues,  including  gingiva,  tongue 
and  mucous  membrane,  and  there  is  no  evidence  of  a  relation  be¬ 
tween  vitamin  B  complex  and  the  enamel  or  dentin  of  the  teeth.®®'” 

(’.  Vitamin  C 

1.  What  effect,  if  any,  does  a  deficiency  of  vitamin  C  have  on  de¬ 
veloping  teeth  in  man? 

There  is  no  evidence  in  the  literature  that  a  deficiency  of  vitamin 
C  has  any  effect  on  the  developing  teeth  of  man,  but  in  experimen¬ 
tal  animals  with  a  deficiency  in  vitamin  (’  changes  occur  which 
result  in  loss  of  formation  of  intercellular  substance  with  develop¬ 
ment  of  amorphous  and  irregular  dent  in. 

2.  Will  the  daily  ingestion  of  large  ainounts  of  vitamin  (J  reduce  the 
caries  attack  rate  ? 

That  the  daily  ingestion  of  large  amounts  of  vitamin  C  reduces  the 
dental  caries  attack  rate  has  not  been  substantiated  in  the  litera¬ 
ture.  Hanke’s  experiments  were  reported  to  show  the.se  results, 
but  his  work  has  not  been  corroborated.^®'” 

D.  Vitamin  D 

1.  Will  fortification  of  the  diet  with  vitamin  1)  during  tooth  forma¬ 
tion  reduce  the  caries  attack  rate? 
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2.  After  tooth  formation? 

It  has  been  rather  elearly  demonstrated  that  vitamin  1)  is  of  value 
in  the  formation  of  hard  dental  structures  ineludin"  the  teeth 
themselves.  There  is  evidence  to  suggest  the  possibility  of  increased 
susceptibility  to  caries  attack  in  teeth  which  have  l)een  formed  dur¬ 
ing  a  condition  of  vitamin  I)  deficiency. 

Evidence  that  this  vitamin  aids  in  the  maintenance  of  the  fully 
formed  teeth  or  in  the  prevention  or  retardation  of  dental  caries 
at  any  stage  of  its  piogress  is  not  supported  by  observations  that 
have  passed  beyond  the  controversial  stage. 

3.  What  happens  when  patients  take  excessively  large  doses  of  vita¬ 
min  D? 

Recently  numerous  cases  of  serious  renal  disturbances  have  been 
reported  to  have  resulted  from  the  administration  of  massivt^  doses 
of  vitamin  I)  given  as  therapy  for  arthritis.** 

4.  Is  there  any  diflFerence  in  the  patient’s  caries  attack  rate  when  he 
receives  his  vitamin  D  as  sunshine,  as  eod-liver  oil  or  as  concen¬ 
trates  such  as  viosterol? 

There  is  no  conclusive  evidence  to  indicate  that  there  is  any  sig¬ 
nificant  difference  in  the  caries  attack  rates  of  patients  who  receive 
vitamin  D  from  sunshine,  cod-liver  oil  or  irradiated  ergosterol.*®-  *’ 

5.  Do  peoide  living  in  civilized  urban  communities  of  sunny  areas 
have  fewer  cavities  than  those  living  in  comparable  communities  of 
cloudy  areas?  ; 

Since  it  is  possible  that  other  geographic  factors  may  influence  dif¬ 
ferences  in  caries  attack  rates,  there  is  not  enough  conclusive  evi¬ 
dence  in  the  literature  to  indicate  that  sunshine  is  the  only  factor 
involved  in  determining  geographic  differences  in  dental  caries 
attack  rates.*^’*® 

fi.  Are  more  hypoplastic  teeth  found  in  the  mouths  of  rachitic  chil¬ 
dren  than  in  the  mouths  of  nonrachitic  children? 

It  is  ])robable  that  more  hypoplastic  teeth  occur  in  the  mouths  of 
rachitic,  children  than  of  nonrachitic  children.  Recent  studies, 
however,  suggest  that  there  is  no  correlation  between  hypoplasia  of 
the  teeth  and  rickets  or  vitamin  D  deficiencies  occurring  during 
tooth  formation.'®’  *® 

7.  Ordinarily,  is  the  i>renatal  portion  of  the  dentin  and  enamel  in 
erupted  deciduous  teeth  hypoplastic? 

It  may  be  concluded  that  the  in-enatally  formed  portion  of  the 
dentin  and  enamel  in  erui)ted  deciduous  teeth  ordinarily  is  not 
•hypoplastic.** 

II.  The  minerals  (calcium  and  phosphorus) 

1.  Does  their  ingestion  improve  tooth  formation? 

There  is  sufficient  evidence  in  the  literature  to  justify  the  view  that 
the  ingestion  of  calcium  and  phosphorus  in  amounts  sufficient  to 
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prevent  skeletal  defects  will  be  adequate  for  the  formation  of  teeth 
with  normal  eomjiosition  and  structure  in  the  average  well  child. 
It  is  possilile  that  certain  pei’sons,  because  of  illness  or  metabolic 
abnormalities,  will  require  an  intake  of  calcium  and  phosphorus 
greater  than  that  needed  by  the  usual  child  in  order  to  prevent 
abnormalities  of  structure,  growth  and  composition  of  the  skeleton 
and  teeth.  It  appeal's,  however,  that  forming  lione  always  is  more 
sensitive  to  dejirivation  of  calcium  and  jihosphorus  than  arc  de¬ 
veloping  teeth. 

2.  Does  their  ingestion  after  the  eruption  of  teeth  reduce  the  caries 
attack  rate? 

There  is  no  conclusive  evidence  in  the  literature  that  the  caries  at¬ 
tack  rate  for  fully  formed  erupted  teeth  is  affected  by  the  addition 
,  of  calcium  and  jihosphorus  even  to  a  low-normal  diet.“'’' 

3.  Are  structurally  normal  teeth  less  susceptible  to  caries  than  hyjio- 
plastic  teeth? 

The  evidence  regarding  the  relative  susceptibility  to  caries  of  hypo- 
jilastic  and  structurally  normal  teetb  has  not  passed  beyond  the 
controversial  stage.  Analyses  of  the  enamel  of  sound  teeth  and  the 
sound  enamel  of  carious  teeth  showed  no  differences  of  comimsition 
with  regard  to  calcium,  phosphorus,  magnesium  and  carlum- 
ates.'®’ 

4.  Is  there  any  necessity  for  a  normal  child  to  ingest  mineral  calcium 
in  addition  to  his  daily  quart  of  milk  ? 

There  is  no  evidence  to  indicate  that  normal  children  require  more 
calcium  than  is  supi)lied  by  a  diet  adequate  to  meet  total  nutri¬ 
tional  requirements;  such  a  diet  will  contain  ai)proximately  a  (piart 
of  milk  a  day.®‘ 

5.  Is  there  any  rea.son  for  a  normal  ju-egnant  woman  to  do  .so? 

There  is  no  evidence  to  indicate  that  well  nourished  ])iegnant 
women  require  more  calcium  than  is  supplied  by  a  diet  adecpiate  to 
meet  total  nutritional  lequirements. 

G.  Is  the  organic  calcium  of  milk  absorbed  more  easily  than  the  in¬ 
organic  calcium  salts  from  tablets? 

There  is  ample  evidence  to  support  the  conclusion  that  calcium  of 
milk  is  better  absorbed  than  calcium  pre.sent  in  any  other  form. 

7.  Does  the  calcium-phosphorus  ratio  in  saliva  or  blood  affect  the 
caries  attack  rate? 

There  is  ample  evidence  to  support  the  view  that  the  content  of 
calcium  or  phosf)horus  in  blood  or  saliva  or  tbe  calcium-i)hosphor»is 
ratio  in  either  of  these  fluids  has  no  correlation  with  the  caries  at¬ 
tack  rate  in  the  human  being.”* 

8.  Do  the  teeth  of  children  born  to  mothei's  with  osteomalacia  exhibit 
a  high  degree  of  hypoplasia  and  caries? 
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Day,®®  in  a  study  of  the  incidence  of  dental  caries  in  children  horn 
of  women  with  severe  osteomalacia  in  Northern  India,  reported 
that  only  two  of  144  teeth  in  7  children  with  severe  rickets  were 
carious. 

9.  Is  rickets  a  frequent  cause  of  hypoplasia? 

It  appears  that  hypoplasia  of  human  teeth  frequently  is  due  to  the 
in^e.stion  of  a  suboptimal  amount  of  vitamin  D  durin"  tooth  for¬ 
mation.  It  also  appears  that  vitamin  D  deficiency  is  not  the  only 
cause  of  enamel  hypoplasia.  Day'®-  ®®  found  that  vitamin  D  de¬ 
ficiency  durinw  infancy  and  childhood  does  not  always  result  in 
hypoplasia  of  the  enamel. 

10.  During  what  age  i^eriod  is  rickets  commonly  detected  ? 

Rickets  usually  occurs  before  the  second  year;  that  is,  during  the 
period  of  most  active  hone  growth  and  development.  Bony  residues 
of  the  disease  may  continue  to  he  ]>resent  throughout  the  lifetime 
of  the  person.  Furthermore,  there  is  evidence,  recently  produced, 
which  shows  that  a  sul)clinical  form  of  rickets  may  occur  fre- 
(piently  up  to  14  years  of  age.®* 

11.  Is  calcium  from  chocolate  milk  and  from  whole  milk  equally  a.s- 
similahle  by  human  beings? 

There  is  no  evidence  of  any  difference  in  the  human  body's  utiliza¬ 
tion  of  the  calcium  from  chocolate  milk  as  compared  with  its  utili¬ 
zation  of  calcium  from  whole  milk. 

Animal  studies  indicate  that  the  rat  assimilates  a  higher  percent¬ 
age  of  calcium  from  whole  milk  than  from  cluK*olate  milk  because  of 
the  oxalic  acid  (0.;7  to  0.6  per  cent)  in  cocoa,  but  the  oxalic  acid 
content  is  not  sufficient  to  disturb  the  assimilation  of  calcium  by 
human  bodies.®* 

Respectfully  submitted:  Philip  K.  Hlackerby,  dr.,  D.D.S.,  chairman;  Hugh 
H.  Tarplcy,  D.D.S.,  .secretary;  Stanley  (^.  Brown,  D.D.S.,  Albert  E,  Bucholz, 
D.D.S.,  (Jerard  J.  t’asey,  D.D.S.,  Sarah  E.  Hill.  B.  A.,  Irvin  W,  Leiehtfuss. 
D.D.S.,  and  William  H.  Rumbel,  D.D.S. ;  Wallace  D.  Armstrong,  Ph.D.,  and 
Adelia  M.  Beeuwkes,  M.S.,  consultants. 

Note;  ,\ftt*r  a  ikm'kxI  of  discussioii  in  wliioh  no  i-lian<;os  in  tlio  stattMiiont  were  ina«le. 
atloi>tion  of  the  report  was  moved  l>y  Dr.  'I’euselier,  seconded  liy  Dr.  t)weii  and  approved 
unaniinousiy. 


V.XKIOFS  TvfKS  OK  I  )lKTS 

('ommittee  VI  wjis  ji.ssigned  the  subject  '“The  (’ontribution  of  the  Type  of 
Diet  to  (’jtries  Doiitrol,”  with  three  subheadings;  (1)  adetpiacy  of  the  diet,  (2) 
consi.stency  of  tht>  diet  jind  (3)  ctirboliytlratt' restriction. 

Members  «)f  the  committet-  sought  information  on  the  following  two  points; 
I.  Hits  the  tliet  of  the  people  in  tin*  I'niteil  Statt*s  improveil  since  UMMt?  2.  Has 
the  dentjil  cjirit's  attack  nite  iueretised  since  1!HM)? 
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DIETARY  SINCE  1900 

The  per  capita  food  supplies  in  this  country  are  bountiful  coiuiiared  with 
those  of  most  other  parts  of  the  world.  The  per  capita  volume  has  remained 
fairly  constant  during  the  last  three  decades,  but  within  the  total,  the  relative 
importance  of  various  foods  has  been  shifted.  There  has  been  a  phenomenal 
rise  in  the  consumption  of  sugar  and  citrus  fruits,  and  an  upward  trend  in  the 
con.sumption  of  dairy  products.  From  the  standpoint  of  nutrition,  certain  of 
these  trends  in  food  consumption  have  enriched  the  diets  of  the  American  people 
while  others  have  impoverished  them.  On  the  credit  side,  for  example,  is  the 
increase  in  consumption  of  dairy  products,  fruits  and  succulent  vegetables;  on 
the  debit  side,  the  increase  in  consumption  of  refined  sugar.®® 

DENTAL  CARIES  ATTACK  RATE 

Reliable  evidence  regarding  an  increase  in  the  dental  caries  attack  rate  is 
meager.  If  the  two  studies  available  to  the  committee  are  indicative  of  national 
trends,®"’  ®®  it  may  be  assumed  that  the  dental  caries  attack  rate  has  increased. 

ADEQUACY  OF  DIET 

Although  the  committee  found  no  conclusive  evidence  that  an  adequate, 
optimal  or  balanced  diet  as  outlined  by  the  Food  and  Nutritional  Board,  National 
Research  Council,  would  influence  the  caries  attack  rate,  it  is  imperative  that  a 
diet  conducive  to  individual  health  be  advocated. 

The  committee  uncovered  no  substantial  evidence  that  fibrous  foods,  un¬ 
cooked  fruits  or  vegetables  or  so-called  detergent  foods  leduce  the  caries  attack 
rate. 

CARBOHYDRATE  Ri:STRICTI()N 

Studies  by  a  number  of  inve.stigators  indicate  that  the  restriction  of  sugar, 
either  refined  or  natural,  is  effective  in  the  control  of  dental  caries.®®  *'®  More¬ 
over,  the  restriction  of  sugar,  either  refined  or  natural,  will  improve  the  dietary, 
provided  the  caloric  intake  remains  adequate.*"  The  harmful  effects  of  sugar, 
refined  or  natural,  are  not  reduced  by  the  addition  of  either  vitamins  or  minerals. 

Respectfully  submitted:  J.  M.  Wisan,  D.D.S.,  chairman;  W.  F.  Hoffman, 
II.D.S.,  secretary;  Gladys  Eyrich,  B.  F.  Gunter,  D.D.S.,  J.  Livett,  D.D.S., 
B.  M.  Medof,  D.D.S.,  Elsie  Sehildwachter,  D.D.S.,  Feno  Shafer,  D.D.S.,  and 
Walter  D.  Thomas,  D.D.S.;  Hermann  Becks,  M.D.,  D.D.S.,  Philip  Jay,  D.D.S., 
and  Genevieve  Stearns,  Ph.D.,  consultants. 


Note:  The  diKeuHKion  rewulted  in  no  clninf{e  in  tiie  oritfinul  Htuteinent.  The  luloption 
of  the  report  was  inove<l  by  Dr.  TeuBcher,  seconded  by  Dr.  (.'hrietzberfj  an<l  then  upi»roved 
unanimously. 
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